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FOREWORD

This investigation was sponsored by the Office of the Chief of Engineers (OCE).
Washington. D.C. as part of RDT&E Program 6.47.17.D. Project 4A664717D695
"Military Construction Systems Development," Task 04 "Military Airfield Facili-
ties." Work Unit 003 "Effect of Gear Pattern of Airfield Pavement Performance,"
with Mr. A. Muller as Technical Monitor.

The investigation was conducted by the U.S. Army Construction Enginecring
Research Laboratory (CERL). Champaign, Illinois. CERL personnel actively
engaged in the investigation were J. L. Rice and J. J. Healy who assisted in prepara-
tion of the report. Appendix A was prepared for CERL by J. J. Panak under Contract
No. DACA 23.70-C-( )76.

Dr. L. R. Shaffer is Director of CERL.
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THE EFFECTS OF GEAR PATTERN ON
SYSTEMS PERFORMANCE

znd 747 aircraft. *Fhe scope tit this study is limited to
jprov;'Ae the necessary methodology it) satisfy thai
ohj.Ctlye

1 INTRODUCTION Previous Attempts to Solve. Other investigators'
have approached this problem in different ways

Problem. A major problem in airfield pavement Attempt-, have been based on an equivalence in
evaluation and design is assessing the damage which stress deselopcd in the pavement r'he relative
will he tatised by new landing gear loads and com- severity of two landing gear systems is judged by
pkex geonmetries In addition, a need exists to deter comparing the critical flexural stresses generated in
Mine the design life and life remaining in art existing the pavement slab Fatigue effects are accounted for
airfield pavement This problem is conipounded due through the use of Miners% hypotthesis which assume%
to the effects of mtxed traffic and the lack of a that damage is relative and linearly proportional to
sitable rationale for handling mixed traffic the ratio of actual traffi,. to traflih at failure for each

%kheel load configuration T'hc new multiwbeel land-
Background. 'The two new jumbo let aircraft now ing gear systems. in addition to developing critical
in operation, the ( -SA and the Boeing 74". ioay stress, also distort pavements over large areas at
require a new trend in development of future aircraft stresises below the critical stress Presious methodh
pavement. Sufficient ground flotation or load distri- have ignored the subcritical stresses and Avwe some
bution in the landing gear design was required for limited success because the .ubcr;tical stresses were
the C-5A so that the aircraft could operatc from a substantially smaller than the critical
medium load pavement as defined in TM 5-824-3.'
rhe Federal Aviation Administration (FAA). prior Thooretical Conaleratlons. Pavement response
to the introduction of the 747. placed a requirement to static loading can be predirted with reasonable
on aircraft designers which limited the pavement accuracy using the Westergaard algorithm Using
flexural stress to that which was developed by the the same assumptions, Westergaard. Stelier and
stretched version of the DXX8 aircralfi. If this trend is Hudson' have developed a finite element representa-
tontintled in the future, pavement requirements for lion of ai loaded pa ement slab which allows a more
new aircraft niay level off at soime bounding limit. If flexible modeling of boundary condiiions Such a
these requirements do approach a bounding limit. finite element analysis has bern aidapted ito the use of
the pivement engineer will no longer have the luxury complex gear patterns as a part of this studyv
of designing for the heaviest aircraft and ignoring tAppendix Al It is po~ssible to construct influence
the lighter traffic because many aircraft types will lines for a point on the pavement which can be used
haive nrary the same pavement requirements As to approximate the stress, strain, anti or deflection
,dirr'. continue to grow in size and weight, an htiory for the point produtced by a load at other
economic breaking point is certain to be reached poiints on the pascmeni The stress histor) at a point
where it will be more economical ito upgrade the in a rtid pavement .%hich results from the move
paivements than to provide more flotation on the air ment of a miultiple witeel landing gear system is
craft In order to provide the necessary flotation, air likely (o contain a number of str. s excursions of
craft designers will probably introduce radically dif varying magnitude
ferent geometries and varying wheel loads all of
which will require a more precise method of analysis Various investigatai % have had success in describ-

ing fatigue failure by performing a weighted summfa
Scope and Objecile. The objective of this study is lion of the excursions of stress, strain, or deflettion
to identify a technique which will permit OCF to uhich a spetimen enrounters The extursion% have
provide an improved method for specifying the refit tobe w~eighted as ito severity for obvious reasons I-or
tive effects of traffic loads on rigid pavements to
reflect variations in gear patterns, with particular 'A At* thci for ka .tsmotsftg (hr Li/c of fligtd Paurmen t

emphasis on multwheel aircraft including the C SA OHM.l Tochrnciv R")iori Io 4 2.3 11962)
I* V StF '4d4uq-x W K Hludson A IhIrt ('ompuar

'*01stion for Mier~ andl Panmspn: Sinbs Ittmrrth Report
Rigtd Pavsmontg for Asr'ft4'ds 04hr tan, Amiuv T'M S6 9 tCentvv fot Hihwmn Re.bfeerch Univoity of I1exi

5 824-3 (1970) 97



example a specimen may be capable of sustaining a parameters are varied such as slab thickness. %ub
1tratr. ( X,.- I of nv, -ro im hes per in only I0 grade strength. etc [hese tests have been conducted
,li" ,ult ian su.taii. ;01X) excusions of T micro at low speed and typically the loading apparatus i%

V( : In It a %tram i(lc relationship cxpresl as capable of simulating one main Rear of the aircraft

.'t() micro inches per inch X 10 cycles 2000 strain Performance of the test items is assessed in accord

cvlei were to be used, as a basis of performance. the ance with current Corps of Engineers perfirmance
pavenent could sustain .4) micro inches per inch ct criteria. Three degrees of failure have been estab-
N ) r4) 40 cycles instead of the .NM0 cycles lished by the Corps of -ngiteers as follows
mieasutrd Obviously a weighting technique must be
applied to the magnitude of the excursion This is I Initial Faluv--That point when a crack
J'k0mphi-hed i assuming that damage is propor- devclops in a pavement and extends through the
'10,,ht to some function of the number of operations entire thickness of the pavement as a result (,t traffi.
I or the purpose of this study a log function has been loading The crack must be due to an externallh
,,'irctcd It hdotiki be emphasited however that this applied loading and not to shrinkage or other non
rtilationship requires further study as additional data traffic effects
t,<'c'ome a~ailale

2 Shattered Slab--ThAt point %herr tratilk

induced cracking has st bdIvided the pavement slab
2 BASIS OF ANALYSIS into six visible pieces As with the initial failure

criterion, the cracks must be due to external
A numbc7 of factors mutt be considered in an applied doading and must extend through the full

analksis (f (omplex lhading history. Generally depth of the pavement lab
speaking only two response parameters are available
t r!)m existing analytical procedures used in the 3 Complete Failure--That pont *,here the pa.ve
e'aluation of pavements deflection and bending ment slab has been cracked into about 35 pieces,
moment The single most important factor to be each pice having an area of IS to 20 square fec( At
tonsidered for pavements loaded near the center of this point, the pavement would be considered non
the slab i% gear configuration. i e.. single wheel, twin operational due to excessive roughness and the like
tandem, or multi-wheeled landing gears. lihnod of debris format:on

['he two pavement response parameters, deflec- Due to the inherent assumptions associated A it
nion and bending moment, provide a basis for deter the available pavement analysis procedures. primarN
rmining the amount or degree of distortion intro- emphasis has been placed on the initial failure con

duced in a pavement by a particular gear loading dition The shattered slab and complete failure ,on
I rom an analis:s viewpoint, bending moment is of ditions represent situations too unwieldy for - talvtt

more value than deflection because a pavement can cal modeling at this time
conceivably be subjected to large deflection with a
-mall bending moment and vice versa Bending Actual in-service pavements are subjected a
moment can be converted into stresses and strain mixture of traffic. Air Force baes which are dedi
,suming linearly elastic, component behavior cated to bomber wings will experience not only

( urrent design procedures are based on flexiral bornber traffic but also support type traffic such as
-trt',s considerations which are directly obtained tankers. cargo aircraft, etc Sonie data are ,vaqlahle
from bending moment utilizing elastic plate bending on traffic operations at selected Air For-e bases
,heorv I hes data should be analyzed to determine prob

.- 1e traffic mixtures for selected Air Forti, bases
Performance data for pavements subjected to

aitous gear configuration loadings are rather dffli
ul iot obtain Several controlled traffic tests have 3 WHEEL LOADING PATTERNS
reen pelformred by the Corps of Fngincers ii past
i ,urs a hec tests are of the test trac, t ype %herc air I'he ttmopnnt ptodo d by a com)ipk landothii
, fth loading is simulated by a foading apparatus gear kar be rsamnent! b, tithri deflection ,utour,
,r tficking a 'ernc. of test slabs in %hith se=,,,ral or otrain cormotirs Ibe detail i th" tonour l.ut t11 r



will depend on the pavement thickness. subgrade Pertinent physical properties from test items traf.
modulus. the clastic properties of the concrete pave- ticked in the Lockbourne and Multiple Wheel Heavy
ment %lab. %theel loads and spacing. in addition to Gear Load (MWHGLU tests were used in a finite
the %lab geometry in relation to the wheel loads, element computer program for pavement analysis

developed by Austin Research Engineers. Inc. This
It is possible therefore to define the cyclic strain program computes both deflection and principle

(ir deflection htisor% on a pavement by using the %tress or moment al cacti nodal nt (Appendix A)
footprint as an influence diagram in which the wheel Thus. a single run of the progran. . rovides a rather
loading paths relative to a point in the pavement are complete picture of the response of an entire pave-
traced on the contour. nient %lab Weighted histogram area, wkere calcu

lated for the initial crack failure condition. The sum-
The basi% for this technique is outlined as follows mation of the weighted area histogram is indicative

A plot of either pavement deflection or strain re- of the distortion of the slab under load. Htstogr,.-,
,,ponse in the form of contours can be used to predict were prtlucied for single. twin tandem, and 12-wheel
pavement response due to traffic loading. Since the landing gear arrays with 300.(X) lb wheel loads. The
concrete and foundation materials are assumed to average values for the weighted areas were 318 for
behave elastically, superp)sition can be used to single wheel. .52b for twin tandem and 1.43 for
determine response histories for cacti of the traffic 12-,heel assemblies Using the singlc wheel loading
lanes The contour plot moves along the pavement as a datum, this would indicate that twin tandem
coincident with the wheel gear system. Therefore. assemblies distort the slab I b times as much as
the deflection or strain history at a point in the pave, single wheel. These values are indicative of the strain
ment can be constructed from the contour plot relief and reversal% occurring between loading
simply by tracing the location of the point in the wheels.
pavement on the contour as the wheel gear passes
over.

4 PAVEMENT LOADING HISTOGRAMS
An example of the use of such an approach

follows: Figure I is a contour plot of deflection for a Previous test track data were analyed in view of
single wheel loading on a LUckbourne test slab. It the strain.deflection history approach. The current
represents the aeflection histu,,y of a test pavement Corps ef Engineers design method is based on
subjected to a 37.000 pound wheel loading resulting critical flexural stresses generated at a jointed edge.
from traffic by an A-3 Tournapull with a Model NU An attempt to produce strain-deflection histories
scraper. The traffic lines are designated on the con- was based on conditions which exist at a jointed
tour plot and represent the path followed by each of edge. This initial attempt was performed using data
the loading wheels. These plots were used to develop collected from the Lockbourne" and MWHGL 5 test
response histories. The deflection history of the tracks.
pavement at the transverse joint shown on Figure 1
produced by single wheels traversing each of the The analysis of data from these tes s presented
traffic lines would then he computed as follows: problems due to jointed edge behevior. For design

purposes, a jointed edge is assumed to transfer 25
Lane I Front Wheel . .023 in. percent of the load across the joint over the design

Rear Wheel - .033 in. life. 6 The 25 percent load transfer factor was estab-
Lane 2 Front Wheel - .007 in. lished based on performance data front many experi-

Rear Wheel - .013 in. mental and in-service pavements. While the load
transfer value is probably valid as an average, some

Initial failure occurred after 90 operations. The
area of the histogram representing the deflection
history is Lockbourne No I Test Track. Final Report (U S Anny

Ohio River Divoion ,aborator"s, 1946)
.033 In 90 +.023 In 90 +.CO7 In Q0 +.013 In 90- .342 Multiple WAhl Heavy G ar Load Putaement Tests.

W ES.TR.57 -17. Vol I - IV (Waterways F xperiment Stitbon.
1971

The procedure dsciibd in the above example t 1. Ilutchinson. asis for R, vd Pavement I)Msaen for
was applied to other test pavements subjected to Mtlitary Airfields. MIw-ellmneous Paper No 5.7 (Waterways
single, twin tandem, and 12-wheel assembly loading. Fxpermi,,nt S tuton. 1961
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variations undoubtedly occur during the course of
the design life. These variations have a rather
decided impact or a strain or deflection historyanalysis.

MWHGL Test Track Data. The data collected 0 0
from test tracks were analyzed using the strain LINE
history approach. Because detailed strain history NO. I
data for rigid pavement performance are available
from the MWHGL test reports, extensive use was 23"

14 1 41-23"
made of this data. Figure 2 shows a layout of the A" - m 4"
MWHGL test track and locations of instrumenta-

," )n. Traffic was applied to the test track pavement
in five lines as shown in Figure 3 in order to simulate 0 0
the wander of typical operational C-SA aircraft. A LINE

0 0 0 ., NO. 2

N

LINE
$(D I to )_, ITEM 2

,D 1,,c 2OSC 0 O00
)J _ $ ,MSSWJT

T 4 2NSSEJT

0 0 
LINE

NO. 4

0...0O 0 it
1425"

TRANSITION

z-eITEM 3 I0
3ssact LINE

! 3 NSICT NO,5
7 V SIWJT
..I__T , ,0 0 D 0
T O 14- 41

LONGITUDINAL

CONSTRUCTION JOINT

F i8ure a. Instrumentation iayouts for the twin tandem Pigure 3. Traffic patterns for the C 6A wheel assemhly,
assembly, rigid pavement test section. rigid pavement test section.
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similar series of traffic tests was applied to the test verse directions for the total test program. An
;ems to simulate 747 traffic. The traffic lines for example of a typical strain history for lane 2 is shown
these loadings are shown in Figure 4. in Figure 5. Histograms were prepared showing the

number of strain excursions per pattern versus the
The response data for each test slab were collated magnitude of the excursion. The interval for the

in strain history format. In order to utilize this data, histogram is S micro inches per inch. Histograms for
a procedure for weighting the strain excursions was strain measured in test items I to 3 are shown in
necessary. Several weighting functions were exam- Figures 6 through 8. Each strain excursion was
ined during the initial phases of the study. The weighted by dividing by 200 micro inches per inch
method chosen to weight the magnitude of strain and the number of occurrences of this weighted
excursions which are measured from maxima to strain was considered by multiplying the quotient by
minima was based on Saint Venent's maximum the natural logarithmic of the number of occur-
strain theory of failure. The maximum strain theory rences. This calculation was performed for each
assumes that failure occurs simultaneously as the interval of the histogram and summed. Table 1
elastic limit of the material is reached. This failure shows the value of each of the weighted histograms
theory is primarily applicable to materials which fall for the C-5A test program. It should be noted that
by brittle fracture such as concrete. The maximum these weighted histogram areas must be evaluated in
strain for conventional paving quality concrete is on light of the performance of the MWHGL test items.
the order of 200 micro inches per inch. Thus, strait Item I had a crack prior to the application of traffic.
excui-sions were divided by 200 micro inches per inch Test item 3 experienced a first crack prematurely
to provide a ratio of the magnitude of each excursion due to a subgrade pumping failure. Test item 2
to the maximum strain which can be tolerated by the performed in a normal manner and can be used as a
concrete. A somewhat similar technique was basis for normalization of the data.
employed to weight the magnitude of the deflection
excursions. Some limited data were collected to
determine an approximate value of elastic deflection Table I
normally associated with initial failure of rigid air- Weighted Ases fe the 12.Whee MWHGL
field pavements over a normal design life. The value Traffic Histograme • HT
selected as typical was 0.05 inches. It should be
noted that the selection of a base deflection or datum T, t l1am At First FeTal

j value can be rather arbitrary as the value is merely No. Gae No. Crck Tmlk
used to establish a relative weighting index. All I SNJL 1.90 22.88
excursions are expressed as a ratio of the datum I SCL 5.:2 39.59
deflction. tSCT 1.63 32.13

2 2 SWCT 50.23 55.76
The relative merits of using a strain or deflection 2 SSJL 69.84 77.47

history were examined. More meaningful results 2 SCL 16.15 61.24

were obtained using the strain history approach as 2SCT 14.27 15.82
compared to deflection because of the large numbe- 3 3SWJT 21.M 48.99"3 SCL 4.55 10.3
of factors affecting deflection. This would appear 3SCL 4.16 1.33
reasonable as pavement design and analysis pro-
cedures are predicted on stress rather than deflec-
tion. Another consideration which tends to favor the The use of jointed edge histories was later
strain history approach is the fact that equal deflec- abandoned due to difficulties in correlation brought
tions can be vastly different ir, damaging effects due on by mathematically modeling the jointed edge.
to difference In radius of curvature. Deflections are The assignment of a value for load transfer at a
less sensitive to interaction between wheels and jointed edge is at best a tenuous estimate. Joint effi.
gears. ciency changes with time and increased traffic

volume and h.s a large impact on strain and deflec-
R Measurement of strain in the MWHGL pavement tion history computations. For design purposes a

tests was accomplished at the enter and edges of load transfer value of 25 percent is assumed for the
Test Items 1, 2 and 3 in the longitudinal and trans- entire design life of a pavement. The 25 percent



120 0

2LINE I

0 0 0

010
155" 101LINE '2

SISO" I LiNE *3

0 00
0N

5010

S.... LINE "4

00 i
ISO16 LINE *4

F~p, 4 Tr~l p~tes fr wintanemwheel uembly, rigid pevementtetut ,.. .

14



*03

I. I

0* 2g

Iu / I T i I I



Is

Jill

w o o aw

ft m S. Hhirwm hr udni .zew~Im vwe 1.wbWI Uis&, kem 1, i*gW POVNAMe te* e6die.



-I

hi -"- 
a

! --

Ill:L ,

4 1
1 ..

- -, - - - - - -S ~

- - . ... 1

aa ''

- "'I

- -17



OW~ ~ ~ 31W O WJT
SCL __________

45M

4000

N0-

n

ana

so so



assumption has been demonstirated to be reasonable way is as shown in Figure 10. Traffic distribution
for design parp ases thratugh test track experiments which is typically contained in tbe central 40 inches
and inspections of in-servlce pavements. The strain of the taxiway wander pattern accounts for 75
Ntory approach is much too senitive to the load percen t of all traffic.,
transfer Vale to Oe an average Valu for the W f~
the pavement. Emphasis was shifted frm the use of The technique for generating histogram Is based
a jointed edge, loadin to an interior loading condi. on the calculated stress distribution. The weighted
tion. TIV use of an into.rior loadiag condition eli am histogram (HS) is obtained as follows:
natcz a nr, .4!ber of boundary condition which are
difficult to represet mathematically.

1 he twin tandem 747 traffic which was applied to
the test item prorie a mechanism for evaluating where AO - sum of stress excursions in lane j
the interior slab loadng technique in as much as thit Ec - Young's modulus for the concrete pave-
traffic was applied at the center of the slabs as sllowd merit
in Figure 4. Histogras for the strain excursions in if - maximum strain at failure
Test Item 2 proue by this traffic are shown in Aj - proportional area of the wander pattern
Figure 9. Table 2 shows the weightd areas for these in lane j
histograms for test items 2 and 3. The area were M - the number of lanes in the distribution
adjusted to the initial failure condition and IS traffic pattern.
patterns for tet Items 2 and 3. respectively.

HS represents the area of the weighted histogram for
TAW a single pass. For multiple passes represented by the
Tebk 2wander distribution Aj the traffic histogrami HM Is

WeWmAd Aii 1w I~.d NWHOL obtained from:
i.Me Nsai

Tatitim At rest For Te HM - E [In AjNp] (Eq 21
Me. GeV No. (Oesk 1fci

2 2 NSCL 5.75 9.4If we wish to compare complex traffic patterns, we
3 SNSCL 71.41wmust solve equation 2 for N.

*Ritoiutid kme bistomum of trfi up to mo -we EfH -Y_(9iA j Eq 3)

Equation 3 can be used to estimate the impact of a
complex mix of traffic simply by summing the indi-

5 MIXED TRAFFIC vidual distribution patterns as follows:
Ec if HT - 11 (Aqj In Ajj No)

Chapter 3 dscuseed aprocedure for gnerating Npine- (Eq 41
load histories from geat patter contours for
particular aircrft configuration and pavement where HT - the desin weighted histogram area, for

designs. Chapter 4 pre-ente a hypothesis which the Ilk of the pavementestablishes a totW Weighted area traffic histogram, qj - the stress excurs'an for aircraft I in
lift o eachpavemnst sstem.NJ - rtio of I type alrcraft operatkon to total

In Aircraft operations occurring on a

traffic lenig 1 wh Oes ta is Vo aviable, a
series of calek hum can he made using the program F . Sow Atp of~ P ,eugawuil Method

desribd i Apenix t caculte eihte Mes. Aw MUssw*, Laewiu Pheeumme of Akrwft, [odibwwwn
gram area. The wae" pater ftfi an a taxi. APB tKli St Uanivrity, INS).

19
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Figor. 10. Wander pattern for runway loading.

TAke 3 over a four-year time period. On the average, the
W.Ib traiscl Hhkupm An HM fer I Pas typical heavy load Air Force bane experienced 100

cycles of 8-52 traffic per month and 95 cycles of KC
GC6@iCNIWguvmU T.4a Area 135 traffic. A considerable amount of variation

26,00 0 W410WhW .52occurred in the traffic operations, howevet, as the
02OOinl o 53.42 standard deviation for 8-52 traffic was 64 and for

C-141 27.96 KC 135 the standard deviation was 51.
8-47 24.78
KC 136 31.27 Some of the variation is protably due to differ.

ences in the numbers of aircraft stationed at a base.
In some instances different numbers of squadrons,

Table 3 shows accumulated stress excursion levels groups or wings are stationed at different Air Force
for the 25,000 lb single wheel load, the 8.52, 8.47, bases. Variations in numbers of aircraft are reflected
KC- 135 and C- 141 airwaft systems. The pavement is in the above standard deviations.
a 12.inch thick slab wit~h a radius of relative stiffness
of S0 in. Weighted histograms were then developed The distribution of aircraft traffic on taxiway and
by summing the individual stress excursios along runways has been studied to a limited extents and
traffic lanes spaced for each l2-inch segmnent of the has been shown to be approximately normally dis.
wander patterni which represents the appropriate tributed. These studies Indicated that 75 percent of
traffic density. aircraft traffic is concentrated with a wander of 7.5

Tabl 4 s arepot o aicraf trffi comile by feet on primary taxiways and 37.5 feet on runways at

base operations of a typical heavy load Air Forme hlotert F. Baker, Report of Photogromnmetriw Methods
base selected at random. Data of this type have been for Meaurng Lateral Placemeiit of Aircraft, Lockbourne
compiled for somne 24 heavy load Air Force base AFH 1Oh~o Stat. Universiy, 1956).
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about the runway midpoint. The Corps of Engineers It has been necessary to make a number of
design method for pavements is based on 75 percent implicit assumptions relative to the hypothesis
of the traffic occurring within the limits of the traffic advanced in this study which defines a weighted area
area width. The data generated above from past histogram as a unique characteristic Gf each
operational records would indicate that over a pavement systems. These assumptions are listed
20-year design life at an average heavy load base, below:
24,000 cycles of B-52 and 22,800 cycles of KC 135
traffic will be encountered. Applying the 75 percent I. A lower threshold for fatigue failure produced
adjustment for traffic design yields-18.000 cycles of by strain excursions in a pavement does not limit the
B-52 and 17.100 cycles of KC 135 traffic. Using the level at which a significant portion of the strain
existing Corps of Engineers method for describing excursions are accumulated during the pavement
traffic, the above traffic volumes would be converted life.
to 9000 coverages of B-52 traffic for taxiways and
4500 coverages for runways. These figures agree well 2. The relative severity of strain excursions is a
with 10.000 coverages and 5000 covetrae, used for function of the log of the number of loading cycles.
dsign. In the present design method for heavy load
pavements the KC 135 traffic would be ignored. This 3. The weighted histogram area, HT . at which
is in contrast to the relative strain history areas fatigue failure occurs is a function of the strain
shown in Table 3 which indicate that the KC 135 excursion history only and is unique for each pave-
traffic is 54 percent as severe as the B.52 traffic. ment system design.
Thus, the total traffic would be computed as 9000 +
17.1/18x.54 x 9000- 13,617 coverages for the taxi- The strain history technique yields reasonable
ways and implies that the traffic volume used in the results and can provide a basis for designing airfield
design of taxiways and runways is ,nderstated by 36 pavements for a given level of mixed traffic. The
percent. method provides a much more realistic assessment of

traffic on rigid pavements than the coverage concept
as wheel interaction is taken into consideration. The

6 ANALYSIS AND DISCUSSION coverage concept merely, isiders surface geometry;
interactive effects are left to judgment and

Several problems arose during the course of this experience.
study which tend to limit the degree of validation
which is possible. No data are available on the
behavior of pavements under mixed traffic loadings
under ideal test conditions. Data from various test 7 CONCLUSIONS AND RECOMMENDATIONS
tracks with similar properties and performance
records were compared. A prime consideration in Conclusions. Based on the results of the study
studying the effects of wheel Interaction is the radius reported herein, several conclusions can be drawn
of relative stiffness which controls wheel interaction, concerning the strain history method of assessing
Thus past test track data had to be analyzed on field traffic loadings.
approximately the same basis to achieve meaningful
comparisons. This requirement limited the data The strain history approach appears to be a
available for comparative analysis, viable technique to assess multi-wheeled aircraft

traffic effects on pavements.
Computer analysis of pavement respon,,e is essen-

tial when using the strain history approach. No con- The strain history approach should be based on
venient manual method could be drvised which interior loading conditions due to the difficulties
would yield meaningful results. The output required encountered in modeling jointed edge boundary con-
to produce a significant strain history 1% too detailed ditions. If sufficient assumptions are made concern.
for manual computation except for single wheel ing the jointed edge boundary conditions to permit a
loadings. Wheel interactiom on multi-vheeled ears comparative analysis from the same reference, the
are too complex to produce without the aid of a analysis may as well be performed using interior
digital computer, loading conditions. The analysis is intended to
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demonstrate relative effects rather than absolute the stress.strain diagram with a minor influence up
value. to that point.

The deflection history approach was abandoned ReOOM lWideU11n.
early in the study as the deflection approach was notsensitive enough to wheel interaction to proid 1. The Corps of Engineers nigid pavement design
meaningful data. criteria should be based on histograms of strain dis-tribution rather than coverage concept for describing

The strain history approach is a reasonable tech- traffic volume.

nique for analyzing the effects of mixed traffic on 2. Lateral positioning of aircraft on taxiways and
airfield pavement performance. The weighting func- runways during normal operations should be investi-
tions applied to strains and repetitions will permit gated. Previous studies are rather old and should be
mixed traffic to be assessed fr'.n a common basis. updated to reflect changes in aircraft and opera-
Insufficient data is available to ve.'ify the nature of tional characteristics which may affect aircraft
the Fatigue-Cyclic Excursions (F-N) Curve for con- placement during normal operations.
crete pavements. The assumption that the relation- 3. The nature of the weighting factor to be
ship is a log function needs to be verified. An applied to strain excursions should be verified by
assumption that fatigue strain is linearly propor. either model tests or traffic data.
tional to the ratio of the strain excursion experienced
to that at failure is undoubtedly an oversimplifica- 4. A program for the collection and analysis of
tion. The relationship is probably influenced by the field data for coelation should be undertaken
strain level beyond that purely linearly position of particularly for new pavements.
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APPENDIX A: SLAB 30E-A COMPUTER program and only include the dimension statements
PROGRAM FOR AIRFIELD SLAB ANALYSIS and two variable. vh,ch define the number of incre

mcnts in both directitons It is not nccesar) to mat h

'his appendix presents the documentation of a exactly the dimensioned storage to the probicm. any

4.omputer program developed by Austin Research ,lCe larger is also ateptable It is reommended that

Engineers Inc. for the U.S. Army Construction several dimension packages be made of those cards
Engineering Research Laboratory (CERL). Cham- with RE-DIMEN in columns 73 through 80 of the
paign, Illinois. The work was conducted under Con main driving program (refer to program listing).
tract No DACA 23-70-C-0076 by Mr. John J. These packages can be of multiples of width and

Panak. Mr. Frank L. Endres was the programmer length of 10 or 20 stations up to the maximum
w~ho made the revisicns to the original program and acceptable for the particular computer being used. A
performed the checkout work on the CERL input plot of the CDC 6600 storage requireme- is shown
facility, in Figure Al. If necessary to gain more storage

space, certain variables could be placed in common.
The FORTRAN Program. Program SLAB 30E as In addition, others may be set equal to each other in
an extensive u-date and revision of a program called storage by an equisalence declaration. (. ommon and
SLAB .30 which is reported by Stelzer and Hudson.' equivalence statements have not been added in the
It has features which allow it to work more efficiently program for normnal operation, to avoid initial con
than SLAB 30, and in addition, includes three fusion when converting to other computer systems.
significant new developments which are: All subroutines in the program are variably dimen-

sioned as functins t the short (X) and long (Y)
I. Addition of a printer plot routine to allow a lengths. which are specified in the main driving

visual display of selected lines of output values of program.
deflection. bending moments and principal stresses.

Input of Problems. Ther procedures that are
2. Addition of a feature which will allow a followed in input of problems are outlined in the

particular wheel load pattern, such as that associ- Guide for Data Input. A parallel study of the guide
ated with the C-SA, tU be simply input to the com- will help to understand the following discussion. Any
paiter model by reference to a single input coordi- number of problems may be run at the same time.
nate.

The first two cards of a problem series are for

3. Addition of a data input generation routine identification purposes. Any alphanumeric descrip
which will allow much simpler definition of the pave. tive information desired can be entered It is sug
nent slab in terms with which the investigator is gested that the date of the run and the user's name

accustomed. always be entered within these two cards. The next
card is the problem number card wih a brief

The program is written to operate on any Control description of the particular problem Ihe problem
Data Corporation Model 206 remote user terminal number itselt may contain alphabttma! diharacters. if
which can acce..s a CDC 6600 computer. All pro. desired. The problem serizs :Icyranates whcn a blank
gramming is in ASA FORTRAN and therefore is problem numbee is enLtuntred
compatible with other computers such as IBM 360
and UNIVAC 1108 systems. Tables of Data Input. "rabe a is used to mpot t:,

problem control data and :, cmpj'v,,t oi - ,gle
Storage Requiremmts. The storage requirements data card that speca-.e's the :iiultiplc k,.:d ,pl~oo,, o
are variable, depending upon the size of the problem the n-,mbcr of carms in thlr (cwn t d.P a fat'tc 2'
to be run. Cards which must be changed for different through B7. rhe Multiple Load Opt,,tn ai ,.-lumr
sized problems are specified at the beginning of the of Table BI is left Wlank ifeaO' ut . e.o.,'.e. k%

independent of the precedirg p'lotten. 1Atoif-wong

'C F Stalzer and W. R Hudson, A Direct Computer problem is for the same ow" out ,,,ly tht kiad

Solutwn for Piates and Pavemeni Slabs, Research Report pattern and placement ase t chaocg, the lint ;prob
56.9 tCenter fot Highway FWmrch, University of Teta. 1em in the loading seritc, is s, c :f' r ,, ih a i foh tht
19671 option This will be th,- ' r,,Ltm" p;oblem Each
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~r) -~4J 'i-STORAGE CHART FOR SLAB 30E

CDC6600 STORAGE 8x2 +103X + 12Xy

00 
+ 36 y + 20,200

260 
Conversion Table

Decimal Octal
20,OGJ 47,040
30,000 72,460

THOUSANDS OF 40,000 116,100
DECIMAL WORDS 50,000 141,520

60,000 165,140
220 70,000 210,560

80,000 234,200
90,000 257,620

100,000 303,240
110,000 326,660

7120,000 352,300

400

500

V 1WMERM~T Fkw. At. Approximate swoagp requirements for SLAB 30E.
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successive loading must have a -I for the option and equal to or greater than the number of X increments.
these will be termed "offspring" problems. When a Table 82 is omitted for offspring problems since the
blank option or another +1 is encountered, that constants must be the same as in the parent prob-
problem is then another independent problem or a lem. The constants specified for the parent are
new parent problem. retained and used by all successive offspring

problems.
The optional s'laffness input switches in columns

55. 60. and 65 mrey be used to automatically com- Data for optional stiffness constants are also
pute conventional slab or plate stiffness values by input in Table B2. The Modulus of Elasticity E and
entering a one for the options selected. Appropriate the slab thickness t must be specified if Dx, DY, or C
values must then be made available in Table B2. If are to be internally computed by the options in Table
Dx or DY or C are to be computed, then there must BI. A uniform subgrade modulus k must be
be real values available for E and t in Table B2. If a specified if S is to be computed. All of these three
uniform value of S is to be computed. then a sub- constants may be input if desired and thus printed
grade modulus k must be available. The stiffness for reference without the options exercised in Table
options must be left blank for offirping problems. B I. The options cause the computation of the equiv-

alent data which could be input in Table B4 based
Two Output Options may be specified in columns on these customary plate stiffness relationships:

75 and 80. All of the detailed output of Table 88
may be omitted if desired. The user is cautioned Et'
when using this option that he could omit what Dx = DY = _20__z
might later be desirable information. Deletion of
output reduces central computer time only a small Et'
amount. It may, however, decrease turn-around C 120 +v )  (Eq Al]
time due to reductions in peripheral processor time
and printer time. If the output is suppressed, a S -khxhy
single refere,-ce station is printed which is at or near
the center of the slab. The other output option is
exercised if the user desires the printout of principal The computed stifth:esses are constant over the X
stresses in place of principal moments. If the stress by Y area of the slab and appropriate quarter and
option is exercised, an appropriate value of slab half-values are generated at corners nd edges. They
thickness must then be available in Table B2. The are printed as an extension to Table B4, and thus
principal moment is converted to a stress having the any additional stiffness values entered in Table B4
same sign by multiplication of the moment by the are superimposed algebraically. By the addition of
plate section modulus which is internally computed appropriate reduced lines of stiffnes in Table B4,
on the assumption of a uniform thickness of plate. any degree of discontinuity may be modeled. Multi-
The use of the stress option is only appropriate for valued subgrade moduli, or foundations with voids
plates of a constant thickness. At specified discon. may also be modcled by entering the appropriate
tinuities in the slab, such as a crack or joint which additive spring stiffnesses in Table B4.
might be modeled by means of a reduced bending
stiffness, the output value of "stress" at that location Table 83 is used to define the lines or areas of
may be misleading. A better estimate of stress at dis- selected output for deflection, bending moments in
continuities, may be obtaint I by Inspecting the vari- the X and Y directions, and either the maximum
ation in computed stress at several stations adjacent principal moment or stress depending on the print
to the crack while Incrementally moving the con- option in Table 81. The number of cards are as
centrated loads away from the crack, specified in Table BI and may include up to a maxi-

mum of 10 cards. Each card may encompass up to a
Table B2 is used to specify the constants for the mximum of 300 points. That is, coordinates from

problem. These are the number of increments in the 10, 10 through 20, 40 or from 0, 0 through 12, 25
X and Y directions, the increment lengths in both could be specified. If a larger area is required,
directions, and Poisson's ratio, For efficient solution another card covering the adjacent area could be
of the program, the number of Y increments must be added.
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The major advantage of Table 83 is that a crude with a station line. a half-value of stiffness should be
printer plot display is also obtained for each area input for both DI and DY along the edge. If the edge
specified. This feature will be discussed more com- of the real slab is not on a station line, a proportion-
pletely under the heading Computed Results. Table ate value of full stiffness is entered. This is demon-
B3 is especially useful when studying the deflection strated by a sample input in Figure A3 of the Guide
and moment variations along a line or over a local for Data Input. The stiffness proport!onment may be
area. 'Table 83 may be omitted if desired, since all thought of as a direct function of the plan area of
selected output values are duplicated in the complete real slab surrounding each joint.
printout of resulL in Table 88. The selected output
is controlled by the same input joint coordinate Load Q is concentrated on a per joint basis and
system described below for Table 84. The user is may be apportioned at each joint by the contributory
cautioned when omitting Table B3. since he may area loaded around each joint. Positive loads act
have elected to suppress the complete printout of upward. Loads that occur between joints may be
results by the option in Table BI. It is thus possible fractionally proportioned to the adjacent joints.
to use a significant amount of computer time and Support springs S are concentrated values input and
print no results. apportioned exactly like loads. A rigid support may

be specified by introducing a large value of support
Table 84 has the number of cards as specified in spring. A mximum value of I x IOn is suggested to

'Table B1. Card counts should be carefully checked. avoid computational difficulties for some computers.
It is recommended that A listing of the data cards be Loads may also be applied to the pavement by means
checked by the user prior to submission of the pro- of specified load pattern in Tables 86 and B7
gram for a run. discussed below.

Stiffness and load data are entered by a coordi- The twisting stiffness C is input on a per unit
nate system notation. The coordinates refer to the width basis for each mesh surrounded by four joints.
discrete-element model of the slab. A joint is defined When the geometrk edges of the actual slab do not
as occurring at the intersection of the station lines in fall on a station line, proportionate values of unit
each x and y.direction. A mesh is defined as that twisting stiffness may be input similar to bending
area surrounded by four joints. A bar is defined as stiffness proportlonment. Computations of twisting
the discrete-element length between adjacent joints. stiffnesses for slabs or plates are at best still approxi-
Figure A2 of the Guide for Data Input summarizes mate procedures. This is due to uncertainty in the
this notation. Note that mesh data cannot have defining of the shearing modulus of rigidity. The
either a zero x or zero y-coordinate; x-bar data best procedure is to ascertain the twisting stiffness
cannot have a zero x-coordinate, and. similarly, the experimentally as outlined by Reference 10. The
y-bar cannot have a zero y-coordinate. If the data formulas shown above in the Table B2 discussion are
occur only at one location (such as a concentrated correct for uniformly thick isotropic plates. An
load), the From and Through coordinate is simply approximate value of twisting stiffness for ortho.
repeated. If the data occur along a line, the coordi. tropic slabs or stiffened plates may be obtained by
nates will reflect this by having either both x or both using procedures outlined by Hufflngton1' or corn-
y-coordinates the same. Data distributed over a putatios summarized by Troltsky in a recent publi-
rectangular area are specified by entering the lower cation.U Fortunately, preci e values of twisting stiff-
left and upper right coordinates of the area. ness are unneceusary to model a slab. The main load

Values of stiffness entered in Table 84 are added -OW. R. Hudson and Hudson Matlock, DiNswntnuous
algebraically to the automatically created optional Orthot rop~k Pe ad Pavemnt Sklb, Research Rport
stiffnesses computed by Tables B 1 and B2. Thus. t,- 56-6 ICenter of Hioway eseerch, University of Texas.
user has the ability to freely model any discontinui. IMe).

ties that might exist in the actual pavement. 'IN. J. Huffinon, Jr., Theomtice) Determitation of
Rigiity Piopew p of Orshogoay StIffe ,d Pt ,te.
lAppiled Mechanic. Diviion, ASME. 1965).

The orthogonal bending stiffeesses Dx and DY ,,S. Tmochenko end S. Wolnowsky-KHWr. thory of
are entered in each direction and are specified on a P10te.8 6d4S , SAO Ea ew Society Monographa. 2nd
per unit width basis. If the edge of the slab coincides Ed. IMcGraw.H1l, 10 .
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carrying capabilities of a slab are due to its bending any coordinate including negative values and may
stiffness which is more accurately definable, also have a zero magnitude of load which is some-

times convenient A typical pattern and Table 86
By using a zero value of twisting stiffness and zero input is shown in Figure A4 of the Guide for Data

Poisson's ratio, a simple grid system may be Input.
modeled. Each beam would be modeled by an
appropriate DX or DY term which would then be the For a problem series in which the effects of
per unit width stiffness. The beam stiffnesses several load patterns may be studied, all patterns
cntered should therefore be divided by the increment could be entered in Table 6 of the first problem. The
width. selected pattern numbers are then applied to the slab

by the Table B7 of each problem. The series can be
Table B5 is for input of in-plane axial tensions Px parent and offspring problems, or individual prob-

or PY if present. These might be generated due to lems in which stiffness might be changed from prob-
temperature differentials or traffic braking and lem to problem. New patterns can be entered at any
acceleration forces. There is no provision in the pro- problem in the series and are then available for sub-
gram for automatic distribution of applied axial sequent problems. If the same pattern number is
forces since no in-plane supports are used which used as was previously used, then the new pattern
would restrain them. The user must specify the dis- replaces the old pattern.
tribution of the axial tensions (-) and compressions
(- in each x-bar and y-bar of the model. Since these Table 87 is for the placement of any or all of the
ate bar forces, no data should be input which would load patterns defined by Table B6. Any number of
repmsent forces outside the boundaries of the actual pattern-placement cards may be used. Placements of
slab. A brief sample of data input is given in Figure the reference load are by coordinates which are
A3 in the Guide for Data Input. related to the overall system defined by fable 82.

Placements outside the boundaries of the actual slab
All data in Tables B4 and BS are algebraically are permissable. Any loads of the pattern that thus

accumulated and values therefore may be added or tall off the slab are not included in the solution. The
subtracted regardless of other values specified. same pattern number may be repeated on several

cards If desired. They need not be in numerical
Table B6 is for input of special load patterns such ascending ,equence.

as are found on the C-SA or Boeing 747 aircraft.
This table allows the user to specify one pattern For offspring problems, only Table BI and Table
which can then be repeated or placed several times 84 with added loads are required. Any loads entered
on the same pavement. By this means, the placement in the offspring Table 84 replace all other previous
of wheel load patterns by individual load inputs in Table B4 loads. Offspring problems may also be run
Table 84 is unneoessary. with only Table 8 1 and new load pattern placements

in Table B7. Table B2. stiffnesses In Table 84, and
A maximum of nine different patterns may be Table BS cannot be used in offspring problems.

specified with a maximum of 12 loads in each Tables B3, 86 and B7 may be used as desired.
pattern. Each pattern requires two input data cards.
The first card specifies the pattern number design. Input Checklist. An Input checklist is provided in
tion. the number of loads in the pattern, and the Table A I of the Guide for Data Input. A listing of
pattern coordinates. The pattern has Its own local the input data prior to problem submission will also
coordinate system, the only restriction being that the aid in detecting coding and keypunch errors,
increment spacing is the same as for the complete
pavement described by Table 12. The second card of Doata Ers. All data are checked for compatibility
the pattern is for the entry of the individual pattern with the geometry of the specified slab and con-
load magnitudes. For loads between statiom, a geo. sistency of coordinate input. A count of the number
metric apportionment of load could be used. The ofdata error is made and if any errors are encount-
first pattern coordinate and load entered in columns ered, the problem is terminated and a message
9 through 14 is the reference load fe the pattern and showing the number of data errors made is printed.
is the load which is placed by Table 37. It may have Typical eiro are: I. misuse of the multiple-load
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option, such as a -I following a 0 in the preceding printed at or near the center of the slab. Again, the
problem; 2. the number of increments in the x. user is cautioned to use this option with discretion to
direction exceeding those in the y-direction (if this avoid deleting significant results. Table B8 is
were allowed, an inefficient and time consuming arranged to give the x and y-joint coordinate, the
computer solution would result); 3. a negative or transverse deflection at each joint (upward deflec.
zero increment length specified; 4. a negative tions are positive), the bending and twisting
Poisson's ratio or thickness input; 5. the "Through" moments, the support reaction, the principal
x or y-coordinate in a data specification numerically moment or stress and its direction. The tabulations
less than the "From" coordinate; 6. data specified are arranged in groups for each y-station. Output
(utside the geonetrk limits of the slab (exceptions values of bending and twisting moments are given on
are Table Bb and 87 which allow load patterns to be a per unit width basis. Bending moments are positive
outside slab boundaries); 7. a zero x or y-coordinate for compression in the top of the plate or slab. The
specified for a twisting stiffness; 8. a zero x- x-bending moments act in the x-direction and
coordinate used for x-bar axial tensions or a zero y- y-bending moments in the y-direction.
coordinate for y-bar tensions; 9. the number of
increments specified are greater than the dimen- The per unit width x twisting moment is tabu.
sior,ed storage the program can operate with; and lated and is exactly equal to the y twisting moment
10. misuse of the selected output option, with opposite sign. The x-twisting moment acts in

the x-direction and is about the y.axis. Even though
Computer Results. All Input data cards are re- the input values of twisting stiffness were specified at
flected in the printout of results exactly as they were each mesh, the output value of twisting moment is
input. It is good practice to again check these data the average of four adjacent mesh areas and is there-
for possible errors prior to inspection of the re- fore given at the joint. The user is cautioned that the
mainder of the results. The importance of using output values of twisting moment along the edges or
descriptive alphanumeric Information for the other discontinuities of a slab or plate reflect the
problem series header cards and for each problem average and therefore may be a one.quarter,
number card cannot be over-emphasized. This will one-half, or some other proprtionate value of
avoid confusion when running a large number of twisting moment.~problems.

The support reaction is the concentrated value of
A continuation of Table 84 is printed after the resistance to displacement offered by any support

normal Table 84 Input which reflects the computed springs if present. A subgrade modulus spring will
optional pavement stiffness constants. Appropriate reflect the concentrated value of pressure under the
quarter, half, and full values are generated for bend. slab. The value of support reaction is different than
ing stiffnesses and the subgrade spring equivalent, the similar value tabulated in prior versions of
Full values of twisting stiffness are computed for all DSLAB and SLAB computer programs. In those
the mesh areas of the slab. Reference to Figure A2 In programs, the value might have been better labeled
the Guide for Data Input explains the different data Net Reaction, or Net Force, since it was the summa-
types and their ass9ciated numbering systems. tion of the applied load and support reaction.

Immediately after the echo print of load place. Internally In the program, a Mohr's circle
ments in Table B7, a summary of the applied load analysis is made at each joint using the orthogonal
patterns is printed. This should be inspected to see if bending moments and the twisting moments to yield
the total number of wheel loads and their algebraic the larger numeric value 'posltive or negative) of
sum are of the intended amounts. The number of principal moment per unit width and the angle from
pattern wheels which fall outside the slab boundaries the x.axis of the coordinate system to the acting
and their algebraic sum are also printed for direction of this larger value. Counterclockwise
information, angles are positive. If the stress option is specified in

Table BI, the values are converted to the larger
Table 88 gives the complete printout of final numeric value of principal stress instead of moment.

results. If the option to delete Table B8 is exercised A positive stress indicates tension in the bottom of
in Table Bl, then only a single reference station Is the slab. The Input value of thickness is properly
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used only for -l3bs nf constant thickness. For slabs of area, are printed first followed by bending moment
variable stiffTcis :ind thickness. a direct conversiot, 3rca which are printed adjacent to each other if
can be made for principal strcs from the principal both x and y-moments were desired in the same area.
moment. The final selected output is for the principal

moments or stresses. Plots of principal stresses along
As both a check on the internal computer solu- stab lines are somewhat misleading since the direc-

tion and a check on the input of the load system to a tion of the stress usually varies along the line. It is
problem. a statics check is printed at the end of valuable, however, in pointing out maximum value-
Table B8 which is the algebraic sum of all the re- of stress which might be overlooked when inspecting
action values and should be equal to the sum of all a mass of numbers in the normal Table B8 output.
the applied loads from Tables B4 and B7. This check
should always be inspected to verify that the desired The final printed output Is of the computer time
load system was specified and that the problem was which has been used for the problem plus another
properly solvd. time which is the total elapsed time. The user should

record his problem run times for parent and off-
Table B9 has been found to be the most immedi- spring problems for each different problem size he

ately useful type of output in the SLAB 30E pro- runs. By this means, an estimate of required run
gram. It lists the output parameters which were times can be made for future problems. For s- all
specified as selected output in Table B3. Each area problems, the offspring times will be from 20 to 50
of Table B3 is treated as a separate output array for percent of the parent problem times. Fortunately,
each of the four desired output values of deflection, the offspring problem time decreases to a very small
bending moments in the X and Y directions, and proportion o the parent problem time as the prob-
principal moment or stress depending on the Table lem size becomes large. A time as low as four percent
BI stress option. is possible. For this reason, the user should, for

computer economy, rin as many offspring problems
The coordinate references are printed in consecu- for each parent problem as he thinks he might need.

tive groups associated with the largest number of
increments in the rectangular area. For instance, if Computer Time Requirements. The computer
an area were desired from 10, IS to 12, 20 then there time required for running problems with program
would be three groups of values each with five SLAB 30E cannot be as precisely defined as the stor-
values. If the area Is square, then the groups are for age requirements indicated In Figure At. As pre.
each Y value included which is the same as the viously stated, it would be good practice for the user
normal arrangement of Trble 88 output. Adjacent tovecord run times as he uses the program to be able
to the coordinate is the numerical value of the deflec- to make better run time predictions.
lion, moment, etc. To the right of the.output values
is a series of asterisks which have a relative place. Based on a small sample of run times using SLAB
ment to one another which are proportional to the 30E and similar programs, the following time
numerical output value. Thus, a crude plot of the expressions were derived:
output values is obtained. The plot has a width of 20
printer characters and a length equal to the number For parent and independent problems,
of nodes encompassed by the area specified. The plot
has no scale and no zero, the values are relative to . 2XY ,, X+
one another. increasing positively to the rt'. The TP - (

20 character width is based on the minimum and
maximum value in the area to be pioltted. The user s Where Tp is the pdlicted central procesor time in
cautioned to not misinterpret apparent changes in seconds, an X and Y are the number of slab
plot curvatures which might have been generted itrenWts.
due to very slight numerical chanp.

Fee ofhpring problems,
The pO have been found to be especially valu.

able In undertanding slab behavior in amas adja. T 0X
cent to concentrated wheel loads. All defloos TOTp(e [EqA3
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whr: To is the offspring time and T is the above developed from a combination of shrinkage and pre-
pairvit iroblem time. A minimum ol tur percent of vious overstress. For a non-uniformly %upported slab
T should be reserved for To times for large such as this, the dead weight of the slab must be con-
problems. sidered when evaluating moment and stresses. This

weight acts as a uniform load of 600 lb per station.
In both parent and offspring problems, a very Two 10kip wheel loads were considered in this

rough estimate of input-output time required may be example. An axial load of 5000 lb per in. has been
found by this expression: induced by the expansion of the adjoining pavement.

T110  XY tEq A4J The problem is modeled by a 12 by 16 increment
TI/O -5" A41 slab. The slab stiffness options are exercised in

Table BI. The subgrade is introduced in Table B4
where TI/O is the estimate of input-output time in over the proper area from stations 0, 7 to 12, 15. The
%Cconcd.. crack and joint are modeled by subtracting the full

bending stiffness along their lines from 0. 7 to 12, 7
The above time estimates should be reasonably and 6. 0 to 6, 16. The abutment support is simulated

accurate for problems with X less than 30. For larger by a double line of rigid supports along that edge
problems, the estimated times will probaoly be from 0. 0 to 12, I. The loads are introduced by
somewhat conservative. Tables B6 and 87 to demonstrate their use, although

they could have been coded in Table 84. It will be
The program compile time must be added to the notel that there are two load patterns in Table 86

estimated problem run times. The complete pro- which simulate a truck and trailer. The load place.
gram deck will compile in approximately ten ment in Table B7 is such that only two of the trailer
seconds. If stored on tape in a re-locatable form, the wheels fall on the approach slab in the same position
compile time will be nominal, as shown on Figure AS.

SamleV Problems. The reader will note that the computed results are
slightly different than Stelzer indicates. This is due

Bridge Approach Slab-Problem O1M, This to a coding error in his problem. The illustration of
problem is the same as example prcblemu 601 of Figure AS shows an axial compression of 5000 lb/in.
Stelzer and Hudson's report" and similar to in the y.direction of the slab, but the problem as
problem 601 of Hudson and Matlock's report,. It is coded in the Stelzer report has this axial compres.
discussed here to demonstrate the use of Program sion in the x-direction. The thrust is slight and has
SLAB 30E and to give a refe ce solution for pro. little effect on the results in either case however.
gram checkout when necessary.

The results for problem 601 M are also somewhat
The problem is illustrated in Figure AS. A misleading near the face of the abutment. A double

10-inch.thck, reinforced-concrete bridge approach line of rigid supports was used to represent the abut-
slab is used. It is supported on one end by the bridg meat support which effectively fixes the slab against
abutment; the other end rests on the embankment. rotation at that end. A more realistic modeling
Because of poor compaction, which often results would have been achieved by a single line of supports
when there is backfill, the soil has settled under the at the abutment edge, thus allowing rotation to
interior of the slab and left a section unsupported. occur. The amount of nominal anchorage that is
The slab has a center-line joint and a crack which usually placed between slab and abutment is not

nearly enough to preclude rotation.
"C. F. Staber ad W. R. Hudes, A Diwt Cbwputfr

Solueim. for PAW$ SOd Pe.wmn Subs, Resni Rewt Talxiway Slab with C-5A -Problem JR5. This
6.9 MCmtar for Highway Resmrch, Univity o Tau. and the next problem show how the application of
W. Tables B]6 and 87 can be used to conveniently code

Orthotmpk d istol , t Mk. P, Rpr complx load patters and their placements. The
56-6 (Cmter of Hbway Rewrld, Usvsrly e Txa, problem is Illustrated in Figure Ab with the heavy
190). croses indicating the C-SA wheel loads, and the
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21- 1 T T T - 1- 1

14 - 50 FT.

Y-STATIONS- - - -I

0 5 I0SP 20
X-S-ATIONS

JOINT TRANSFERS 100 S SHEAR

h :30 In. hy= 21.5 in.

+ C-5A wheel load at 30,000 lbs (Prob JR5)

0 747 wheel load at 42,500 lbs (Prob JR6)

Thicknmss t - 12 in.

Subgrade k - 125 pci.

6
Concrete B - 5 x 10 psi

Concrete v - 0.2

Ffw* A. Runway dab with C46A and B-747-sample prmblems JR5 and JR6.
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darkened circles the Boeing 747 loads which are used (f each line in proper proportion to adjacent lines.
in the following problem. Variations of deflection, stress, or bending moment

may thus be studied in one direction along consrcu.
The slab area under study has four 25.foot square five strips taken in the other direction. but still allow

panels with cracks between the panels that have 25 the maximums to be emphasized by the plots.
percent flexural stiffness remaining. The slab is 12
inches thick, the subgrade modulus is 125 lbs per TaxiwaySlab withB-747-ProblemJR6. This
cubic in.. and the concrete modulus of elasticity is problem is the same slab shown in Figure A3 which
five million lbs per square in. with a Poisson's ratio was used for Problem JRS. A different load pattern
of 0.2. is used which represents two gear groups of the

Boeing 747 aircraft Due to the modeling coarseness
The selected increment lengths of 30 in. and 21.5 of this demonstration example. two wheels of each

in. are coarse for a problem of this type. and the user group are split to adjacent node points, thus forming
would probably use more increments to effectively a six-wheel group for each pattern. This apportion-
model his problem. However. a coarse solution when ment must be taken into consideration when
inspected would allow the user to then possibly interpreting the results.
delete, for additional finer mesh problems, areas of
the slab which obviously do not affect the area under This problem is run as an offspring problem to
study. the previous problem. Only Tables B I. B3. Bb and

B7 were input. The pattern could have been
All the input and output options are specified in described as pattern No. 2 in the previous problem

Table B. A selected output area which ,includes the and then simply placed by the Table B7 of this prob.
loaded area of the slab is specified in Table B3. In lem. The computer efficiency of multiple loadings
addition, three lines of selected output are specified -ia offspring problems may be seen by comparison of
in the x and y-directions. Seventy.five percent of the tne run time of 23 seconds in Problem JR5 to 7
slab bending stiffness is removed by Table B4 input seconds in this problem which is 30 percent of the
along the lines of the joint. It is noted that this is parent problem time. For extremely large problems
accomplished by removing 37.5 percent along the (which might be a maximum of 68 by 68 or 20 by 342
complete line and the remaining 37.5 percent at the as seen in Figure AI) the offspring time might be as
interior stations along the joint. By this means, the little as 3 to 4 percent of the parent problem's time.
removed stiffness at the edges is compatible with the A procedure for estimating computer times was
automatically generated half-values at the edges. given in the discussion of the program.
One six-wheel gear group of the C-5A is described in
Table B6 with an additional reference wheel at the The output for this problem may be compared to
center of the pattern with a zero load value. This that of Problem JR5. The major bending moments
pattern is then plac.d twice by Table B7 to create the with the 9-747 loads, even though the individual
total load pattern as shown on Figure A6. wheels are of almost 50 percent greater magnitude.

are not 50 prcent greater. When the stresses (or
The output of Table B8 has been omitted. The principal monents) are compatred. however, the

output of Table B9 indicates that the maximum 8.747 maximum is significantly higher than the
deflection occurs at station 10. 10 and the maximum stress induced by £he C-SA. This is due to the much
stress occurred at station 9. 11. The large slab area higher twisting monments present which are evidently
specified in Table B3 from 3, 8 to 17, 21 allows these caused by the influerce of the two gear patterns on
maximums to be immediately discerned by the rela- each other. The two C-SA patterns are orthogonal to
tive plot values adjacent to the tabulated values, the major slab directions, but the two B.747 patterns
Three additional lines of selected output were speci. are oriented almost at 45 degrees to each other in
fled by Table B3 which coincide with some of the relation to the major slab directions, thus causing a
wheel loads as shown on Figure A6. These lines are significant twisting effect.
valuable foi comparing deflection and moment vari.
ations in specific directions or areas. It may be noted SimplySupportedPlate-ProblemSAC1. This
that the plotted output from areas can be thought of problem is added for reference and to roughly
as plots of contiguous strips with the relative values demonstrtte the accuracy of the program. The prob.
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Icm is a %imply supported isotropic plate 48 in,,es mesh ol only h by 8 incremens,. the deflection is seen
,quare. (.9788 inches thick. with a concentrated to agree closely with a closed-ortr %olution of 1.07
load lt l0 pounds at the center The optional stiff. in'hes given by Timoshenko.
ness input was not used. althouRh it could have
Ievin. I he stilinesscs entered in 'I able PA are corn- This problem is recommended to be run lor quick
puted from the above plate thickness for a modulus program checkout whenever it becomes necessr-
of elasticity of 3.0x 10'1 bsiins. and a Poisson's ratio An 8 by 8 driver for the program will only require
of 0.25. The simple supports are created by very stiff approximately 24.000 (56.(X0 octal) words of storage
,upport springs around all edges. and the problem will run in about 12 (14 octal)

seconds which includes 10 seconds for a complete
The results indicate a maximum deflection at the recompilation.

center of 1.138 inches. Even though this is a coarse
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ktPPENDIX 6 GUIDE FOR DATA INPUT

%I All 111 (,ill)[ FOROA I A INPU r CAR) FORMS

II )I N III I( A I ION 1- II 'N o ,i , .,I. vl nlimentrl tards per rntn

I - - . -_ __)7

80

I)FiN I II K( A I ION Of PIROUI.EM (ot card lot each problem: program stops if PROB NUM is hlt blank)

PIl( 1 NIM

I .sc.. p ioi.olproemablphanume.c
I II 80

rabhi III, CONTROL DATA lone card fc r each probleml
Optional Sial'ness Options I I Ye~sl

MiliplA had Option Number of Cards Input Constants Delete Print

I tit Parent proi, tor Table Enter I to compute lht.itd Principal
I lit Oll)rinlig 2 1 4 5 6 D x & I)Y C S Output Strs

I A ~ TlLf~hX~L1~
S 20 25 30 35 40 45 55 (A S 75 8)

Table B2. CONSTANTS (one card, omt for oe&4w.g p"lems).

I Data for Optional Stiffness Constant
Increment Lengths Pi;sson' I Modulus of Slab Subgrade

Num Iner, X-Direction Y-Direction Ratio Elasticity Thickness Modulus
X Y hx hy E , kI --_.771711 ] ___ 711 -11 71

, it 20 3) 40 So 60 7)
t I. - F/L. I. F/I1.

1 Force Onls. I. Lxngth Unit%. All units niust be consienit

Table B3. SPECIFIED AREAS FOR SFLECTED OUTPUT (number of twdt a show,, In Table B! 10 maslmim)

Forn Through PRINT and SPLOT (I Ye)
X Y X Y DEFL X-MOMY.MOM PRINSTRESS/MOMENT

I _7 = 1 , I, -iL-IIIII l
S Ito IS 20 25 30 35 40

Table 84. STIFFNESS AND LOAD DATA (number ol cars a sown I Table III mter only Iad ftw offspinIf problems)

Irom I hrough Bending Stiffless Load Spring r-sting Sitine,
x x Y ) U S C

' 10 15 20 0 40 50 tS0 70

'I-or ot11l I. g problems. I ablr% 82 and 85 must Ibe omitted, and %nly load niat I. enitc-%d in I able B4 I 4h .t- 8 3 Rt and a 7 t, a It.*
. desirs ii

0 *Opt it -alt it 1rw %, %%i it t hm i bit bla nk fort olTsp ring problemsil

41



Table 015. AXIAL THRUST DATA (number .(fewill an diswn In T"~ BISO 1141 0111111111 1109g Oh. m).

Fsr mi Thr',ugh Axial Thrust

. -. 1 .I7 7L 1- _ . Ji
S to is 201i 70) 1401

Table 186. SPLICIAL LO)AD PATITERNS (number ofcwau she .1m. TMW D1up to9 petten. may be used).

[,.t Nunil of These coordinates refer to the load pattern
i,-rr loads in R- eference Load
Nomn Pattern y X x y x y X y x y a y x K y y y X Y

2 0 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 VAt,

Magnitude (if Loads

14 20 26 32 38 44 50 56 62 68 74 W44

spektilal Pattlerin arc placed a% specliid in Taoble 07 Up 1119 different patter-ns (18 cards) may be used. The first load of each pattern isii

retcrence ftir I able 87 1( may have a zero load magnitude Negative pattern coordinates are permissable

rable ff7. PLACEMENTS OF TABLE 86 LOAD PATTERNS umballet .(eialrdo salown lis TaM. 31).

Plattern Num (it
NilnI Place

ntients X Y X Y X Y X Y X Y X Y X Y

S to is 201 25 30 35 40 45 so 55 60 65 70 75s 80

1 fcte coordinates refer to the coordinate system defined by Table 02. Negative coordinate placements are permissable.

(At NI OAL PIROGHAM NO I FS

rhe data caords must be assembled In proper order for the projitrm to run.

A conihtent system of unit% must be used for all input data. for example, kips and feet.

All 2 to S.%pace words are underst d to be ight-justlfledintegers .. +. . 4 3 2 11

All 10-space ~ords are floating-point numbers (1310.3)..... -4. 321 + 0 1

All to.space viords are floating-point number% (F6.0). .............. - 30.01

Table 51. CONTROL DATA.

I he multiple load option is exercised for problem series In which only the load positions and magnWtudes of Tables B4 (ir 86 and R7 will

vary Mh first problem in a series is the Patent and is specified by entering + 1. successive loadings are the Offspring and are specified

Iby entering -1. %if the option is left blank, the problem is complete within itself.

I he number of cards tnput for Table 02 through Table 07 should be carefully checked after coding is completed. A checklist for allowable

Itables and numbers of cards lor each Table is given in Table Al.

oI.ttn-rnal plate or slah input stiffness may be selected by entering I for those to be computed Appropriate values must then be molde

availahle in I able B2

tiulpiit of~iiluln' ma) list) ke %elected it desired All detatled output of rabic 8 may be suppressed except a single reference location at thle

ktcnlVI V1 i114. slih The iser nias also print principal bending stresses computed from a constant thickness t in place of prink opal

"I'itflI low %Itesls lit samc sign as the principal moment. o. value of thicknss must then be availabtc In Table 132
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Tale 52. CONSTANTS.

V.iritablc h, hy V E k
I vpical Input Units: in. In. none lbs/inl in. lbs/n 1

Only one card is needed for Parent or Independent problems. 'I his table is omitted for Offspring problems.

Poieson's ratio will be taken as zero unless specified (always positive).

Data for computation of optional stiffnesses need be entered only if the ptlions are exercised in Table 81. However. they may be entered
and thus y.'lnted for reference If desired. The stiffnesses are computed from these customary relatiomhlps:

Et3  Et3
Dx = DY = Et" = E S = khxhy

12 01 V) 12tl1 + V)

rhe computed stiffnesses are constant over the X by Y area of the slab and appropriate quarter and half-values are generated at
vornmrs and edges. They are printed as an extension to Table 82 and thus any additional stiffness values entered in Table B4 are
%uperimposed algebraically.

Table 83. SPECIFIED AREAS FOR SKLCtED OUTWUT.

A maximunm of ten cards may be used, with a maximun of YJO points specified by each card.

The selected results ar printed if any of the four print options are exercised.

Table 83 may be omitted If desired since all selected output values are duplicated in the complete printout of the results. The user is

cautioned, however, that the complete printout may have been suppressed by the option In Table B1.

The selected output is controlled by the same joint coordinate system shown in Fig A2 and described below for Table 84.

Tal"e B4. STFMESS AND LOAD DATA.

Variables: Dx  DY Q S C

Typical Input Units: lb.in lb-int lb lb lb-in2

in. in. in. in/tad

All data are described with a coordinate system notation which Is reated to the discrete-element model of the slab. This is shown in
Figure A2.

Todistribute data over a rectangular area, the lower left-hand and the upper right-hand coordinates must be specified. Figure A3 illu-
strates a sample data input.

All data entered in this table are algebraically added to the optional stiffness values generated fron Tables B1 and 82.

'To specify data at a single location, the same coordinates must be specified in both the "From" and "Through" columns.

'Ihe "Through" coordinates must always be equal to or numerically greater than the "From" coordinate%.

The user moy input values on the edges of the slab and the corners to represent the proportionate area desired as illustrated in Figure A3

There are no restrictiom on the order of cards In Table 34. Cumulative input is used. with full values at each coordinate.

Unit stiffness values D and DY are input at all joints. The values are reduced proportionately for edges,

Load values, Q, and support springs $ for any jo are determined by multiplying the unit load or unit suppoort value by the appropriate
area of the real slab as igned to that joint. Hinged supports are provided by using large S values. Concentrated loads that occur
between joints can be proportioned sosetrically to adjacent joints.

Unit twisting stiffness C is defined for the mesh of the plate or slab surrounded by four rigid bars and four joints. The triesh is numbered
acording to the joint number at the upper riht cornet of the mesh as shown in Figure A2.
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TaW~ WS. AXIAL MhUST DATA.

Variale% fit ivy

I )pical Input tlnius lb lb

All data in this table are concentrated. Distributed data must be summed ivrthewidth of the increment involved. Proportionate values
cati he used along edges.

Axial tension 14 4 or compression I-) values P are specified for each x-bar or y-bar. There is no mechanism in the program to autobmati.
cally distribute the internal effects or any externally applied axial load%.

The axial thruit Px refers to the force in the %-bar in 'he a-direction. Since it is a bar value. no coordinate should be ust-.i which would
vpreity a I" %aluin a0 bar outside the real plate t stab. The bans are numbered aecording Ito the joint number as sljo% n in Figure A2

Tall ft. SPECAL LOAD PATTERNS.

A maximum of 9 different patterns t18 cards) may be used with up to 12 loads in each pattern.

The first toad entered in columns 9 through 14 is designsted as the r-ference load for placement of the pattern by I able B 7. It may hive
a zero value for convenience if desired.

The coordinates entered in this table refer to the relative putitioris of the loads within the pattern. INis i% illustrated by Fig A4 (. imadi
nates ma) also have negative values if desired.

Special LoAd patterns need not be entered if they are the same as those in previous problems. however, additional patterns mtay be used
Any niew patterns entered replace those with the same pattern number. All load patterns defined in previous problems, including
previous Parent and Independent problems. are retained, and! may then be used by specifying their placement in rable 87.

Tlk V1. PLACEMENTS Of TAKLE 96 LOAD FATUMRN.

Each pattern defined by Table Bb may be placed at a number ofdifferent locations on the slab. Any patterns specified In previous prob-
lems may he also placed by this table; they need not be re-enitered in this problem's Table 86. Pattern numbers must be unique
throughout the series. however.

Placement% of the reletrnce load are by coordinates which are related to the overall system defined by Table B2. Placement% outstde the
boundaries of the actual slab are peruslssable. Any loads of the pattern that thus fall off the slab are not included in the solution. For
reference, however, a summation of all loads placed ont ad off the slab Is given in The output of Table 87.

If only new patterns and placements art speeified. and no stiffness data is changed in Tables 82, 04, or 015. then this problem is an off-
Wiring -rblm

TAll Mak.. Pimsor hdApMM offlliS Fom"
No. Me.of Peeblam

CM' Saphi 1 *6 Opd "Op Illwed

81 1 X X
32 1 X X

03 10 X X
B-I no limit X X

US no limit X X
96 is X X

87 no limit X X
$Load Only

The user should also ensure that If Optional Stiffness Options are exercised in Table
81. that appropriate data is available In Table 32. He. shouldl &Ws very that If the
Option to Delete WAWlk Output Is used, that sufficient output will be printed hkr
areas specified In Table 83.

Fkgur 31. Checklis lw ip" U""~.
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GLOSSARY OF NOTATION

C NOTATIUN FOR SLAB 3CE
C
C At e1 RECURSION COEFFICIENT 17NO9
C AAf e1 COEFF IN STIFFKESS MATRIX 19APA
C ALF ANGLE ON MOMS CIRCLE 17NO9
C ^Itl III RECURSION COEFFICIENT At ll AT J-1 12NO9
C AA2(,1) RECURSION COEFFiCIENT e l11 AT J-2 12NO9
C ANI( It AN21 I IDENTIFICATIOK AND REMARKS (ALPHA - NUIP) 29DE?
C AT . I TEMP STORAGE FOR A(l1) RECURSION COEFF 12NO9
C bM . I RECURSION COEFFICIENT 12NO9
C b8t 31 COEFFS IN STIFFNESS VATRIX O3JAq
C BETA HALF THETA ICO(JNTER CLOCKWISE IS +) 17NO9
C BMA AVERAGE OF X AND Y BENDING MOMENTS 28DE7
C N40 FIRST PRINCIPAL flENDING MOMENT O3JA4
C BMP 4X - SNA 28DET
C bMR RADIUS OF M 0Ri CIRCLE 28DE7
C BMT SECOND PRINCIPAL SENDING MOMENT O3JAN
C MMXI 9 1 SENDING MOMENT IN THE X DIRECTION 03JAS
C 8my1 , VENDING MOMENT IN THE Y DIRECTION 03JAI
C bMlI * RECURSION COEFFICIENT Of I 9 AT J-1 12NO9
C. bM"( * ) RECURSION COEFFICIENT B I AT J-2 121109
C Ct . ) RECURSION COEFFICIENT 12N09
C CCI 5) COEFFS IN STIFFNESS MATRIX 03JAR
C CHI , ) TWISTING STIFFNESS PER UNIT WIDTH 05JFR
C. CNN INPUT VALUE O TWISTING STIFFNESS , OSJES
C CMII , I RECURSION COEFFICIENT Ct , P AT J-1 12NO9
C CM2I 1 I RECURSION COEFFICIENT C( , ) AT J-2 12NO9
C CRDI I CROSS SENDINGSTIFFNESS FOR PR EFFECTS 30JLA
C DI 0 1 RECURSION VULTIPLIER 12NO9
C UDI .3) COEFFS IN STIFFNESS MATRIX O34A@
C DXf 9 ) 9 DYE I 9 SENDING STIFFNESSES PER UNIT WIDTH 2SDET
C DXN 9 DYN INPUT VALUES OF PENDING STIFFNESSFS O3JAR
C El I RECURSION MULIIPLIR 12NO9
C EE( I COEFF IN STIFFNESS MATRIX 03JAS
C ER A TEST TO ELIMINATE REMNANT REACTIONS ZIDE.7
C FF1 I COEFF IN LOAD VECTOR 03JAR
C mX INCNEIENT LENGTH IN X DIRECTION 03JAS
C HXDHy HX DIVIDED 4wNY 26DFT
C HXDHY3 HX DIVIDED BY MY CUBED 28DE7
C MY INCREMENT LENGTH IN Y DIRECTION 28DE?
C HYDHX HY DIVIDED BY MX 28DE7
C .4YUHX3 MY DIVIDED BY HX CUBED 2OE7
C I STATION NUMBER IN X DIRECTION 20DE?
C INI INITIAL EXTERNAL X COORDINATE 03JAB
C IN2 FINAL EXTERNAL X COORDINATE ?8DE7

C 1N13( I INITIAL EXTERNAL X COORDINATE IN TAqLE I 12NO9
C IN2SI 9 FINAL EXTERNAL X COORDINATE IN TABLE 3 17NO9
C IOPC TWISTING STIFFESSIORTIONALI SWJTCH 0?SEC
C IOPO SENDING STIFFNESS (.PTIONAL) SWITCH O7SfM
C IIPPS OPTION FOR PRIN STRESS INSTEAD OF MOM OTSE(
C lOPS SUBGRADE MOOULAS (OPTIONAL) SWITCH OTS O
C lOP# OPTION TO SUPRESS DETAILED OUTPUT (TAP 8) 07SE0
C IOPP INTERNAL PLOT OPTION SWITCH 0TSE0
C SSTA EXTERNAL X COORDINATE NUMqER 12109
C ITESTt I ALPHANUMER4IC eLANK%,USED TO TERMINATE 12NO9
C THE PROGRAM 12NO9
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C I1 12 INI AND IN2 PLUS 2 2SDE7
C J STATION NUMBER IN Y DIRECTION 2BDE7
C JJ J FOR SUBROUTINE MATRIX 28DE7
c JN1 INITIAL EXTERNAL Y COORDINATE 28DF7
C JN2 FINAL EXTERNAL Y COORDINATE 28DE7
C JN131 I INITIAL EXTERNAL Y.COORDINATt IN TABLE 3 12N09
C Jh234 I FINAL EXTERNAL Y tOORDINATE IN TABLE 3 12N09
C JSIA EXTERNAL Y COORDINATE NUMBER 12N09
C J1 0 J2 JN1 AND JN2 PLUS 2 28D?
C K DO LOOP INDEX USED INSTEAD OF I 03JAB
C KASEXI I OPTIOh FOR SELECTED PRINT OF RMX 12N09
C KASEYC ) OPTION FOR SELECTED PRINT OF Bmy 12N09
C KLONG MAXIMUM REAL Y DIMENSION SIZE OAGA
C K5I4ORT MAXIMUM REAL X DIMENSION SIZE OIAGA
C KML KEEP MULTIPLE LOADING FOR ERROR CHECKS 28DE?
C KPRUB( ) PROBLEM NUMBER FROM PARENT 12N09
C LL DO LOOP INDEX FOR REVERSED J 03JAS
C L2 KLONG+3* USED FOR VARIABLE DIMFNSIONING 19APB
C LI KSHORT,39 USED FOR VARIABLE DIMFNSIONING 19APS
C 4L MULTIPLE LOADING SWITCH 03JAB
C MX NUMBER OF INCREMENTS IN X DIRECTION 28DE7
C AXPI THRU MXP5 MX 4 I THRU MX + 5 OIAGN
C MY NUMBER OF INCREMENTS IN Y DIRECTION 28DE7
C MYPI THRU MYPS MY + I THRU My * S OIAGR
C N INDEX FOR READING CARDS 03JAS
C NCT2 NUMBER OF CARDS IN TABLE 2 O3JAM
C NCT3 NUMBER OF CARDS IN TABLE 3 OIAGR
C NE NUMBER OF DATA ERRORS O3JAR
C hPRUBI I PROBLEM NUMBER IPROG STOPS IF BLANK) 12N09

* C ODHX ONE DIVIDED BY MX 26DE7
C UODHXHY ONE DIVIDED BY HX TIMES MY 28DE7
C .UDHX2 ONE DIVIDED BY MX SQUARED O3JAS
C WOHY ONE DIVIDED BY MY 28DE?

.C ODHY2 ONE DIVIDED BY MY SQUARED O3JAB
C PDHXHY POISSONS RATIO DIVIDED BY MX TIMES MY 28DF7
C PIMAX LARGEST PRINCIPAL MOMENT O3JAR
C PR POISSONS RATIO 28SE7
C PSIcO PLOTTING ARRAY FOR PRIN STRESS OR MOMENTS O7SEe
C PXI , ) , PYI I I AXIAL TENSIONS IN X AND Y DIRECTIONS OIAGR
C PXN , PYN INPUT VALUES OF X AND Y AXIAL TENSIONS OlAGA
C 01 1 I TRANSVERSE LOAD PER JOINT O1AGA
C wbMX 0 OBMY LOAD ABSORBED.IN RENDING OIAGA
C Uh INPUT VALUE OF TRANSVERSE LOAD O3JAR
C wPX O 4PY LAUD ABSORBED DUE TO AXIAL TENSIONS OIAGR
C wyMX 9 CIMY LOAD ABSORBED IN TWISTING OIAG8
C REACT SUPPORT REACTION PFR JOINT OIAG4
C SIt I SPRING SUPPORT# VALUE PER JOINT OIAGS
C $0T2 MOENT MULTIPLIER FOR P.k-#TE: STRESS O3JAS
C SIGU LARGEST PRINCIPAL MOMENT OR- STRESS O3JAR
C SKK SUBGRAOE MODULUS 0TSEC
C SN INPUT VALUE OF SUPPORT SPRINGS 26DE7
C sOm VARIABLE LABEL faSTRESS OR *MOMENT I 07SEO
C SUMR SUMMATION OF REACTIONS FOR STATICS CHECK 03JAR
C THETA MOMRS CIRCLE ANGLE BETWEEN X AND 17NO9
C PRINCIPAL MOiENT It 17N09
C INK THICKNESS OF SLAB FOR STRESS CALCULATIONS C3JA@
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C TGKX, TONY TEc0P STORAGE ARRAYS FOR PLOT ROUTINE O7SEC
C XX INDEPENDENT VARIABLE FOR PLOT ROUTINE OTSFZ
C SeC
C sUTATIh tOR SUBROUTINE SPLOT 3 AND 4 07SEO
C 7SEO
C bETA SCALED DATA I FLY PT I 07SEC
C I GENERAL INDEX O7St(
C IOTA FIXED BETA O7SC"
C JR POINT POSITIONER FOR PLOTTING STRING O7SVE
C IS INDEX OVER X-STA TO nE PLOTTED 07SEC
€ |SKP LENGTH OF SPACE ARRAY TO Pf USED 07SEA

C is INDEX OVER J-STA TO BE PLOTTED O7SFC
C L INDEX OVER ISKP 07SEO
€ UMEGA MAXIMUM VALUr IN X ARRAY OTSE%
C SIGMA SCALER OSc
C SPACft INITIAL PART OF PLOTTING STRING O7SEP
C SYmbf I LAST 4 CHARACTERS OF PLOTTING STRING O7SE '
C SYMD SYMBIIR) - TEMP 07SE'
C THECA MINIMUM VALUE IN K ARRAY 07?Et
C hiUTH WIDTH OF PLOT IN CHARACTERS (COLUMNS) OTSE7.C. APRAY TO BE PLOTTED 075CO
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USTING OF PROGRAM DECK

PRUGRAM SLAB30C( INPUT# OUTPUT. TAPEI9 TAPE2 I ?BJEt
C-.THIS Pk".RAM 15 A VERSION EXTENDED FROM SLAB 30 FOR CERL BY
C AU5 TaI IESLARCH ENGIN LRS INC. IT HAS THE ADDED CAPABILITIES
C SELECTEO PLOT OUTPUT* PAVE,,ENT ORIENTED INPUT, AND THE
C ABILITY TU INPUT A SPECIFIED PATTERN OF LOADS AT ANY DESIRED
C LOCATION.
C
C --- FO1 r IFFERENT SIZED PRUBLEiS ONLY THE DIVERSION CARDS OF THIS
C UAIVLR NELS iE CHANGLU. FOR EXAMPLE# AA(5 391) s BBIS*393)
C ALSU CHANGE ASHORT ANDU KLOiG TO EGUAL THE REAL X AND Y STATOI4.
C
C CCIS*3,S) 9 1S 39S+31 t BMXIS+3*L+3) WHERE S AND L RFFER
C TO THE SHORT AND LONG LEINGTHS OF THE REAL PROF3LEi.e
C ---- THIS PROGRAM IS NOW DIMENSIONED TO SOLVE A 20 BY 40 GRID. RE-DIMFN
C
C
C --- THIS PROGRAM WILL OPERATE ON EITHER CDC6600 OR I8M360/50 SYSTEMS.
C THUSL CARDS NEEDED TO OPERATE UN THE i014360/50 ARE INCLUDED AS
C FULL.WIIhG COPANION CARDS TO THE CDC CARDS AND 04AVE A C IN COLU4N
C ONE "hU TIlL SYMbOLS iO8, I. COLUMNS 76 THRU 80. OTIHER ADDITIONAL
C CARA)b SUCH1 AS THE SELECTIVE DOUBLE PRLCISIUN STATE,,'EITS ARE ALSO
C TAGGED WIT1I IBM AND NULLED WITH A C. KHEN CONVERTING TO THE
C IOM 6O/50 SYSTEM, THE COI4PANICN CDC6600 CARDS SHOULD BE RETAINED
C ANh hULLED WITH AN ADDED Co

C (OUtLE PRECISION AAo Sbo CC. DO. EE9 PF. Wt 26SE9iP'
C 1 A. AM41. AM. B. RMI BMt PI MCI? sr910%
C 2 Co CMit CM2. Do' C. AT, WP2, ?6sE9iPv

C 3 ALF# BETA. t PAt "MOt "MPg sMRt SMT. B6SE91*'
C 4 CRD. ER. HX, HXOHY* 26SE9IPt
C 5 HXDHY39 HY. HYDHX.MYDHX3* ODllXODHXHY. ODHX2t ?6SE91P?'
C 6 PDMXHY. Pl, PMMAXo PRt QB$Xq 26SE91P"
C 7 @61Y. REACT, SDT2 SIGO, SUMR, THETA. ?6SE71P
C B THK. TMA. TMX* TMYoWSUMI9 WSU'42t WSUM3t 26SE91P"
C 9 OPX, QPY# OT.4Xv OTMY 26SE9| '

DIMENSION AAf 23 9 1 It EEI 23 * I 1I RE-Di.VFN
1 FF( 23 * 1 1. At 23 v I It AMIf 23 * 1 It RE-DI Prt
2 AMZ 23 o 1 ) WPI( 23 . 1 I WP2( 21 1 ;q R rI IfrN
3 85 23.3 o3 00 23 . 3 )t RE-DImrm:
4 CC I 23 5 It RE-DIV.N
b 81 23 * 23 I. 5MI 23 o 23 Is 9M21 23 * 23 is RE-DIPIrFJ
6 CI 23 * 23 It CMlI 23 9 23 It CA2t 23 9 23 it RE-DI'EN
7 D 23 9 23 It El 23 9 23 It RE-Dl CN
4 S;4XI 23 9 43 Is SMYI 23 9 43 I. Of 23 . 43 3t RE-DI'4Ef
9 5( 23 t 43 It CHI 23 9 43 ). RE-DI:E.
A DXI 23 v 43 Is DYE 23 * 43 Is PXI 23 9 43 Is RE-DI':.,N

PYI 23 9 43 It V( 23 9 43 It ATI 23 * '3 3 RE-DIMEz
DIMNhSION PsiGO (23#43) RE-DIV

KSHORT * 20 qE-r)I r
KLONG 40 R!-r ) r'
LI X KSHORT 4 3 O:JA8
L2 KLON'G + 3 OSJA8

CALL SS30E5 I AA, 8B, CCt DO. E.s Fr', At AT. AMI, 26JE[
I AM2 U B Ml# OV2o Cl Cmlt CM29 Do Et OSJAS

2 UP), WP2 SMX* ANY* CH PSIGODX, DY, 0O 23JFO
3 S. PXq PY, t LI. L2 I 19APREND O5JAR
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SUQRuUIINE S83CES I AA# Sb. CC. 009 EE. FF# At Alt AMI. ?6JPPl
I AM29 8. 8419 W42 * Co Cr4It C142, 0o Ft rSJAR
2 WPls WP29 8MX9 83MY, CH. PSIGO.OX9 DY. 0, 73JFO)
3 So PI. PY. Wo Lis L2 I 19APA

I FuIM.,T 1 52IH PROGRAM SLAS30E CERL SPECIAL DECK-ARE-JJPtFLE 26JEO
I 28H REVISION DATE 07 SEP 70 )REVISF#)

C
C DOUBLE PRECISION AA, as. CC. 00. EE, FF. wt 26SE9Iai.
C 1 A, AMI. AM2. a. NMI, 1IM2. wp1. ?6SE9!nN*
C 2 C. CM1. CMZ. Do t Alt 6P2, ?6SE91P:J
C 3 ALF* BETA, B4At BM0. eNp., BMR9 SMT, ?6SE91n"
C 4 CRD* ER, HX, FIXOHY. 26SE91am
C 5 HXDtIY3, MY, HYDHXoHYDHX39 ODHXvOOHXHY, ODHX2, 265E91Pv
C 6 POMIMY. Pit PMMAX9 PRO OSMI, ?6SE9IflV
C 7 OBMY, REACT. SOT?. SIGO. SUMR, THETA, 26SE9Ip'p
C d TtW., TMAt TMI, TMY9WSUM1, WSUM29 WSUM39 26SE91P'
C1 9 OIESU PI. OPY9 OTMXv OTM4Y 26SE91PP

DEIS$NAA( Li o 1 I. EEI LI 9 1 It 05JAR
I FF4 11 9 1 It Al LI t 1 I* AMiI Li * 1 It 05JAR
2 AM2( L1 * 1 I. WP1I Li 9 1 3. WP21 Li * 1 I. CSJAI
3 881 L1 o3 Is 00 DOIL1.3 I. O.JAS
4 CC I 11.5 It 05JAR
5 W1 Li 9.1 Is SM11 Li 9L1 Is 8M21 Li tLI It 19APA
6 C4 LI .L It3 CMI( Li .L1 1. CM2( LI v L1 3. 19Ar-

? D01 L1., -L1 I Ef Li 9 Ll )o 19AM
* 81Xf LI 9 L2 Is SMY( Li * L2 It Of Li 9 L2 Is i9AP01
9St i.1 .L2 ) CHI Li .L2 3s OTNY.

A DX( Li 9 L2 It DYf Li 9 L2 It PX1 Li 9 L2 Is 19APS
6 PYt Li 9 12 )o WI LI . L2 It AT( Li 9 L2 I 310C9

vimemmSIO 1*131 10 It JN131 10 Is 03N09
I IN231 10 It 414231 10 it KASEX In 1Is 03N09
2 V.ASEYI 10 I. NPRUBI 2 1* KPROSI 2 3s 03N09
3 ITESTI 2 I. ANIt 40 3. AN21 16 3 03k409
4-- CAD( 5 03N09
0IMEISIONf P5104. I Li L 2 I '26JEOFN
COMuh / SPLT / MX, MY. TM~, KCT39 NODE# PR, SOM SIAGO
ClOl4MMt'4 / CUPS / EM, SKK, IOPO. IOPC.' lOPS. HX9, HY 17AGO

6 FORMAT 1 3 4NY3
10 FORMAT 1 SH :.0X9 10141--TRIM I 03FE4
11 FORMAT 1 smi S OX, 10*11--TRIM 3. O3FE.
12 FORMAT I 20~A4 I 170C9
IS FORMAT ( SX. 20A4 I 170C9
14 FORMAT t Alt Al.. S. 17A4#, A2 I lOC9
1S FORM4AT 1I//I1;H PROS 9 /SX9 Al. A4., SX, 17A'., A2 I 170C9
14 FORMAT (/117H PROD (CONID)s 151, Al. A49. 5X# 17A49 A2 I 170C9
19 FUA:4,.T t 6l/)o.'.M *4*TtIS SERIES CF PROBLEMS h.AS RUN USING A ISAGO

I 40HM PROGAM4 DEVELOPED FCR THE SIAGO
z / 5x 5SZHTRANSPURTATIO4 FACILITIES VRANCH9 31AGO
3. / 5x 52NDEPARTMENT or THE ARMY* 31AGO
* / 5X 5ZNCONSTRUCTIU, ENGINEERING RESEARCH LAS0RATORY,* 31AGO
5 / SI 52MCHAP-PAIGNs ILLINOIS 31AGO
6 I/iDE lUHDY II OSE0
1 / 0I 26HAUSTIN RESEARCM ENGINEERS, 31AGO

*I S $X 20 AUSTIN* TEXAS I SIAGO

50



46 FURI4AT ISX, 2(1X9I2,lX,131922XE11.3) 2S1OCCOC
C 46 FOuRM.T tSxo 2(IXqI2ulX#l3Io22XolPElo3 I Im 9I0:

47 FOR14AT I 5Xs 12, IX, 139 6El1.3, F6.1 1 120E7CDC
C 47 FORMAT I 5X9 12, lXg 13s IP6EI1.3, OPF6.1 1 I7OC9ISo

46 FURMATI 52H X MOMENT AND X TWISTING MOMENT ACT IN04t409

1 32H TwE X DIRECTION (ABOUT Y AXISI, S/9 0*N09
2 SOH Y TWISTING MOMENT 9 -X TWISTING MOM 04N09

3 3SHENT, COUNTERCLOCKWISE BETA ANGLES ,/9 04N09
4 SOH ARE POSITIVE FROM X AXIS TO THE DIR 04N09
5 28HECTION OF LARGEST PRINCIPAL s A6 I 1SAGO

49 FORMAT f/I/SOH *** THE DETAILED OUTPUT HAS BEEN DELETED BY T 18AGO

1 ?IHHE OPTION IN TABLE I. ISAGO

2 /9 9X SOHA SIltGLE SLT OF VALUES IS PRINTED AT OR NEAR THE S 07SEO
3 25HLAB CENTER FOR REFERENCE I ) O7SEO

50 FORAOT (//SOH STATICS CHECK. SUMMATION OF REACTION* 12DE7

1 61S a 9 E10.3 I 25JASCOC
C I 6HS a ,1PElO.3 I IOC91PM

So FuRMhT I //44H TABLE 3. SPECIFIED AREAS FOR SELECTED 04N09
1 ISHPLOTTED OUTPUT 91/ 26JEO
2 45H PLOT 11-YESI 26JE0
3 45H FROM THRU DEFL X-MOMENT 17AGO
4 IX 1SM Y-MOMENT PRIN # A6 ) 1TAGO

60 FORMAT I //35H TABLE 6. SPECIAL LOAD PATTERNS//I 26JEO
63 FORMAT I /140H TABLE 9. SELECTED OUTPUT I 26JFO
64 FUR14AT I //47H TABLE 9. SELECTED OUTPUT -- USING 26JEO

1 32HSTIFFNESS DATA FROM PARENT PROD 9 Alt A4 I 07SE0
74 FORMAT I 11SH TABLE 7. PLACEP.7NTS OF SPECIAL LOAD PATTERNS /117AGO
91 FORMAT I///30H *tto PROBLEM TERMINATED' v 14 , 16BE7

1" 20H DATA ERRORS #000 1 18DE?
92 FORMAT I //SIH **** CAUTION. MULTIPLE LOADING OPTION MISUSED 1ODE7
"1 35H FOR THIS UR PRIOR PROBLEM *ee* I IS0E7
93 FORMAT 4///38H *H** PROBLEM WILL BE TERMINATED, 290C9

1 4ONTHE DIMENSION STORAGE IS TOO SMALL *oo, ) 29OC9
94 FORMAT I 1///471H ** NO CARDS ALLOWED IN TAB 2 OR 5 FOR MLO-1 II1AGO
4S FURA-T I ///SO/ /50 PRIOR PRUSLEM IS NOT A PARENT *** )ITAGO

96 FURMAT I //SCH *ta MY SHOULD NOT BE LESS THAN MX 11e I17AGO
97 FURMAT I 61X5UH *o4ILLEGAL DATA INPUT ATTEMPTED IN OFFSPRING PROB)31AGO

C 91 FORT W/1/40H *eed UtDESIGNATEU ERROR STOP.**** I 18DE7

C --- PROGAAH AID PROL6LEM IDENTIFICATION

ITEST4lI a IH 170C9
ITEST421 a 4H 17OC9
KI4L a 0 ISDE7

READ 12. I ANIINI. N a It 40 I 170C9
CALL TIC TUC II) 26SF6

1010 READ 14s NPROB, I AN2(hi), N a 1. 16 I 170(9
IF I NPROBI1 - ITEST(l) 1 1020. 10159 1020 020C9

101 IF I NPROBI2I - ITEST(2I 1 1020, 9990, 1020 020C9
1020 PRINT 11 26AG3
1021 PRINT I 19MRS

PRINT 13, 4 ANIINI. N * 1. 40 1 1TOC9

PRINT 15. NPROBt I ANZ(N) N It 1 16 I 170(9
REWIOD I 20OC7
NEWIO 2 poOC?

HOEmO lODE?
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C
C-- INPUT TABLE I
C

READ 2v, AL. t.CT29 %CT39 hC149 NCTS* NCT6* 179 IOPO, lOPC. 02JL1O
1 lops. £uPat lopps 1 TAG

PRINT 3w# 11,e KCTZ. i%CT3. I.CT', NCT59 NCT69 NCT7, IOPD, IOPCq 02JLO
1 lops. 10Pat topps 17TAGO

CIF I ML 1 629 61. 61 070C9

C--INPUT TABLE 2
C

61 REAL) 219 Mx, My, lIixNy. PR* EM, THK, SKK 17AGO
62 PRIN4T 22. VX9 1Y HX,14Y, PR* EM. THK, SKK 17AGO

IF I ML.KE.-I GO TO 69 17AGO
IF I NCT2 + NCT5 *NEs 0 1 PRINT 94. 17AGO
IF I NCT2 + NCTS *NE* 0 NUE NDME +* 17iAGO

69 If I KMlL 75t 70, 72 17AGO
10 IF I ML 71, 75# 75 1 WE?
71 NOE NDE + hODE?

PRINT 95. 17AGn
W O 75 15DOC7

72 IF ( ML 175. 73# 73 1 SDE?
73 PRINT 92 SE
75 KM4L ML 1 WE?

IF I11-3-MM 1 76. 779 77 290C9
76 PRINiT 93 -290(9

NOE.w NDE +*1 290C9
77 IF I 12-3-M4Y 1 76, 79, 79 190C9
78 PRINT 93 29()C9

11" NDME 4 1 290C 9
79- If I Mx my MY si sit 61 o 290C9
s0 NE a NOEC* 1 lODE?

PRINT 96 17lAGO
II1 IF I HX M Y 1 62# 62. 63 29N07
42 NOE a NOE. 1 I ODE7
63 IF I PR *THK 1 84. 65. 65 29F107
6* NOE aNOC. 1 IIE
65 CONTINUE *29N07

C--COMPUTE FOR CONVENIENCE
C

MIL ) 136, 1009 ICO *29N07
1oo MXP aMx4 1 I 29N07

1MYo1 UMY 4 1 ?9N07
NXP2 a -ix + 2 ODDE7
MYP2 a MY + 2 29N07
MXP3 a MX + 3 OSOE?
MYP3 a MY + 3 08DE?
MXP& II +I 4 6 O8Ot
MYP. MY + 4 OODE7
NXPS *Mx 4 5 060F7
MYPS *MY + 5 01OE7
OOIHX 1.0 / Hx 14SF6
WDHY 10/ my 14SE6
OOI4XHY m (JUHX 0 OOHY 3140?7
PDHXHY a PR *ODHXHY 1*40?
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ODMY2 s oWY 4 00Y140?
00MX? x OCHX 0 ODIX 1*40f7
MXDHY a MX 0 OD14Y 1&N0)7
MYDHiX a MY 0 ODMX 1*'40?
HYDHX3 H YDHX * ODHX2 141407
HMOHV aJXDHY 0 ODHYZ 14'40?
KPRU9I1 a tPROB(1 170C9
KPROB(2) NPR0IIIZI 170(9

00 105 J a It MYP3 291407

DO0103 1 a It PXP3 291407
Dxiti,.,) 0.0 011N06
DYIIJ) x 0.0 011404
o(oIJ - 0.0 011406
s(IiJ) a 3.0 011406
CM(IJ) a 0.0 OTWYs
PX(IqJj a 0.0 ?3JE7
PY(I.) - 0.0 23JE7
BmX(IqJ) '0.0 291407
BMY(IJ) x 0.0 291407

IU3 CUNTINUE 29140?
lUis CVNTINUE 2 3JE 7

*0(1 135 K - ItMXP3 29"a07
00 130~ 1 a Is MXP3 291407

B(IKI a 0.0 29"407
BM1I!.K) a 0.0 llflF7
Ci,K) a 0.0 291407
CMI19K) a 0.0 210E7

130 CONTINUE IGAG7
135 CONTINUE IGA67
136 00 138 K Is~ MXP3 291407

AlKoll 0.0 210E7
A141(Ke1) x 0.0 291407
WtK*t4YP3) a 0.0 260E7
WPI(Ko1) 8 0.0 2"#07
WP2(Kq13 a 0#0 28DE?

135 CONTINUE 291407

C
C----v IPUT TABLE 3
C

SON a 6e4SIRESS 17AGO
IF (IOPPS*NE.1 S004 w 4MMOMENT 17AGO

PRINT 55 9 50147AG
'IF I NCT3 1 9960s We0 150 24SE9

150 IPOP a 0 26JEO
CALL SL&'LT I W, 0HZ, BMY* PSIGO* Li, LZ, IPOP, 0 126JEO

GO TO 161 245E9
180 PRINT 36 24SE9
1II CONTINUE 2* SE 9

C
C -- IPUT TABLE 4
C

190 IF I ML 12009 320. 320 I SOFT
2uo PRI"T 349 KPROB ISOC?

DO 22u. J al,19YP3 ISD1F7
* 00 21v I a Is MXP3 291407

W~,)a0.0 2*0(7
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iJi a 4,c 24OC 7

210 CUN11l.UE 240C7

220 CUNTINUL 240(7

IF I NCT4 ) 9983, 22'1 225 07St P
224 PRINT 36 7SFO

GO TO 362 07srO

225 DO 26. N a 1, NCT4 n2SEO

READ 26 * INI. X4l, IN2, JN2. ON 20OC7

PRINT 46, INI. JNI, IN2, JN29 ON 20OC7

11 0 INI + 2 29N07

J1 8 JNI + 2 29N07

12 I IN2 * 2 29tjO7

J2 - JN2 + 2 29NO7

IF INI - IN2 1 232o 232, 231 29N07

231 NOE NOE + 1 ISDE7

232 IF JNI - JN2 1 234. 234, 233 29NO7

233 NOE NOE + 1 180F7

234 IF IN2 - MX ) 236. 236. 235 29N07

235 NOE NDE + 1DF7

236 IF Jh2 - MY ) 238s 238. 237 29NO7

237 NDE , NDE + 1 leOrF

238 00 255 I = II, 12 29Nn7

00 250 J Jl. J2 200C7

O(IJl a 0(,J) + ON 20OC7

250 CONTINUE 200C7

255 CUNTINUE 200C7

260 CONTINUE 200C7
GO 10 386 19DF7

320 PRINT 33 15DE7
IF 4 NC4 ) 9960. 323, 325 O2SEn

323 PRINT 38 2SEO
- GO TO 362 02SFO

325 DO 360 N 1, NCT4 02SFO

REAL) 23, Ihl JN1, IN2. JN2, DXN9 DYN* ON. SN. CHN OTMYR

PRIhT 43. INI JNI, IN2# JN2 DXN9 DYN. ON, SN, CHN 07MY8

IF I CHN ) 331. 335, 331 07MYR

331 IF I INi f IN? ' JNI 0 JNZ 3 9980s 333. 335 18DE7

333 NOE a NOE 1 1DE7

335 11 a INI + 2 15DE7

JA a JNl + 2 29NO7

12 a IN2 + 2 29N07
J2 * JN2 +2 29N)7

IF I - IN2 3 342. 342. 341 29N07

341 NOE *NDE I 180
r ?

342 IF JN - JN2 1 344, 344, 343 29NO7

343 NDE NOE + I IOE7

344 IF IN2 - MX 3 346o 346, 345 29NO7

345 1OE NOE # 1 18Dr7
346 IF Jv2 - MY 1 348, 348, 347 29NO7

347 NDE a NDE + I 18DO7

34# DO 355 1 s 11. 12 29N07

DO 350 J J, J2 OIDE7

L)XI(IJl a DX(IIJl + DXN 4SE64

DYiIJ) a DYIIJ) + DYN 4SE64

O(lqJ) a OII.J) . ON 13AP3

SIIJ) a S(iJ) + SN 13AP3
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CH(I#J! a CHtIIJ) * CNN 07mY8
350 CONTINJE 13AP3
355 CUNTINUE 22JE7
360 CUNTINJE 13AP3

C GENERATL ExTENCEU TABLE 4
362 IF ( IUPDIOPC+-4OPS .EQ. 0 ) GO TO 363 26JFO

IF ( ML.EQ.-1 ) PRINT 97 31AGO

IF ( ML.EO.-1I GO TO 363 31AGO
CALL COPS ( CH. DX9 UY, S, LI. L? I 26JE0

363 CONTINUE 26JE0
C
C-- INPUTTABLE5
C

PRINT 37 22AP5
IF ( NCT5 ) 9980 385. 364 24SE9

364 DO 382 N m It NCT5 24SE9
READ 24s INe JNi9 IN?, JN29 PXN, PYN IDE7

PRINT 4 IN!. JNl IN2t JN2v PXNo PYN 11DE7

IF ( PXN 3 365. 3679 365 1SIF7
365 IF ( INI 132 3 9983, 366@ 367 18DE7
366 NOE NOE 1 18DE
367 IF ( PYN 3 3689 370, 368 IDE7
368 IF I JN1 * JN2 3 99809 3699 370 18DE7
369 NOE - NDE 1 18DE7
370 11 INI + 2 1 BOE

JI * JNI ? 2 29N07

12 IN2 + 2 29NO7

J2 * JNZ 4 2 29NO7
IF ( INI - IN2 3 372, 372t 371 29NO7

371 ND E NE + 1 16DE7
372 IF I JNI - JN2 1 374, 3 7 4 s 373 29N07
373 NOE NOE + I ISDE7

374 IF I IN2 - MX 3 3769 376. 375 29N07
375 NDE NDE + 1 BDF?
376 IF C JN2 - MY 3 378. 378. 377 29NO7
377 NOE .NDE + 1 1DE7
378 DO 38 I a Il 12 12fF7

DO 379 J a JI. J2 121)E
PXCIqJ) x PXlI*J) + PXN 20AP5
PYlIIJ) a PYCItJ) 4 PYN 20AP5

379 CONTINUE 29NO7
300 CONTINUE 12DE7
382 CONTINUE 12DE7

0O 10 386 19DE7
385 PRINf 38 IS0E7

C
C-- Nr4JT TABLES 6 AND 7
C

386 PRINT 6. 26JEO
IF I NCT7 3 9980, 389, 388 31AGO

388 CALL PLUP t Ct Li, U2, NCT69 NCT7# MX. MY 26JE0
* G TO 400 26JEC

39 PRINT 38 1iAGO

IF I NCT7 ) 9980, 392. 400 17AGO
392 PRINT 74 iTAGO

PRINT 30 17G
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400 IF I NDE ) 99fCo 4.01# 397 26JEO

397 PRINT 919 NDE 29N07
GO T0 9990

C
C ----FoRM SUa-MATRICES
C
C--A SPRIN~G 1S IVLACEL) AT PTS 6EYOND BCUINDARIES OF THE REAL SLAB

C TO MAK~E SOLUTIUN
1 OF NONv-RECTAiiGULAR SLABS OR SLABS WITH

C HOLES POSSIbLE. TIlS 1S DONE BY TESTING ON THE CCI 9

C TERMS, AN~D IF ZERO, SET EQUAL TO 1.0

C
C-O(1.J)IS THE INPUT LOAD FGR THIS PROEILEV9 OTHER PRIOR PROBLE'l

C LOADS ARE DISCARDED

C401 00 600) J~ 1.MYP3 29N07

DO 4.04 1 It tA XP3 
OROE7

FF(1.1) 0 0(19IJ) 
300C.9

IF (J-1) 9980. 40?. 403 OBOE?

4t#2 AA(I.91) a 0.0 
03JAA

GO TO 4.04 
OBDE7

403 AA(191) r,*Y(I,J1) HXDHY3 03JAS

404 CONTINUE 
OBOE7

IF ( ML ) 501. 405, 405 080E7

40'5 Do 500 1 a. it003 
080F7

IF (J-1) 9980. 41C9 407 130E7

401 IF (M4YP3-J) 9980, 438. 420 
05N09

C--COEFFICIENTS COMPUTED AT J 0 1

410 IF (1-1) 9980. 411t 412 
O8OE7

411 68~(192) a 0.0 
OaOE7

88(t 93) IL 0.0 
OBDE7

CC(I3) *1.0 
170C9

CC(I#4) 0.0 
OBOE?

CCtI,5) a0.0 
OBOE7

DD1192) 0.0 
OSDE?

D0(1.3) *0.0 
OBOE?

EE19 a 0.0 
03JAR

60 TO 500 
08DE7

412 IF (MXP3-11 998G. 419. 413 13OF7

413 CRD(5) AMINI ( OXII ,J+1) s DYII tJ+ll 29JL8

80(1.1) a 0.0 
29JLR

8(1*21 a 0.0 
OBOE?

MB193) a 0.0 
OSOE?

CC(I,2) -0.0 
OSOE7

CC(1%3) a IIXDHY3 * OY(I.J+1) TIDE7

I + ODHY * PY11,J4II 11DE7

IF I CC1193) 3415t 414. 415 4E

414 CCII,3) %1.0 
170C9

415 CC.4 . 3DF7

00(1.1) a POHXHY *CROW5 29JLPR

00(I.2) a -2.0 0 HX0HY3 * ov(IJ+1) OaOE7

4 PDHXHY 0 CR015) I 29JL

2 - ODHY v PY(IqJ+13 29JL'i

00(1,3) a PDHXH-Y * CROWS)~f

EECt1I1 a HXDIIY3 0 DYI.J*1) 
03JA8

IF JI-2% 9980, 417. 416 
130E7

416 CCII011 000 
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417 IF (MXP2-11 9980, 500. 41le 13DF7
CC8 ISS) a 0.0 13OFn

GO TO Soo 0UDE7
419 804191) - 0.0 13OF7

68(1#2) a 0.0 08OF7
CC(i.1) a 0.0 08DE?
CC(193) a 1.0 170C9
CC(II,) a 0.0 OSOE7
00(1,2) a 0.0 OSOC?
00(1.1) a 0.0 080E7

EEII.1) 000
60 TO 500 OUDE7

C--- CjEFFICIENTS CUMPUTED FROCM J *2 TO MvYP2
42u IF 11-1) 9980# 4219 4.24 05N09
421 CR013) a AMINI I OXII+1#J 1 . DY(I+19J I )29JLR

88(1,2) a 0.0 29JLII
60(193) a PDHXHY * CR013 29JLO
CC(1,31 a HYOHX3 0 DXII+19J) OODE7

1 + O0HX * PXII*1,J) OSOET
IF ICC(193) 1 4419 422o 423 05N09

422 CC(1,3) a 1.0 05t409
423 CMI194) a -2.0 * IHYDHX3 * DXII11J) OSNO9

I + PDHXHY * CR013) 29J11
2 - 0094K * PX(I.1,J) 08DE7

M19.I5) a HYDHX3 * OXII+19J) lIDE7
DDll,?) a 0.0 08DE7
D0f1,3) a PDHXHY 0 CRDW3 29J116
EE1,9) a 0.0 03JAS

GO TO 500 OSDE?
424 IF (MXP3-I) 998C9 4319 425 05N0)9
425 CR011) a ANINI, I DX(1-19J 1 9 6ytl-1.J ) OS0509

CR012) a AMINI ( DXII 9J 1 9 DYII wJ ) 2 9JL6
CR013) a A941NI ( DXII+19J I # DYII,1,J ) I 29J116
CR014) a ANINiI DXII *J-11 9 DY(I 9J-1) I 29J118
CR015 a AMINiI DXII ,J+1) s DYII 9J+I) ) 29JLR
88(1,1) *POIIXHY *ICR011) + CR014 + 30JLA

I ODt4XHY 0(CHII,.J) + CHIIJ) i 07MYR
80(102) *-2.0 * ( PDHXHY * ( CR0(2z + CR01) 29J118

1 + HXDHY3 0 ( 0Y(11J-11 + DY(IJ) 1 14SF6
2 + O0HXIIY 0 ( - CH(I#J) -CMI 1+19J) 07MYS
3 -CH1I#J) -CH(IIoJ) 2-ODHY 0 PY(IJl 07'4YA

B01I§)3) w PDHXHY 0 CROW3 + CR014) 7 9JLA
I * OOHXHY ( Ct411+IsJ) + CHII+19J) I 07MYO

CCII,?) a -2.0 * t HYUHX3 0 1 DX(I-19J) + DX419J) I29N07
+ PD9IXHY * ( CR011) + CR0121)2 I 29JLS

2 + ODHXHY * - CH(IJ) - CHIIJ.1) 07MYS

3 - CHfI#J) - CH(I#J+ll I ODHX * PXtJ) C07MY8
CC(193) *HYOHX3 * OXII-1,J) + 4.0 * X(IJ) ?9N07

I1 DXII419J) + HXDHY3 *I DY(IIJ-1) + 4*014SE6
2 *DYIIJ) + OYIIJ+1) + *Pf)94XH4 * 4,fl 1'*FE6
3 4 CR012 + CRO12 ) + ODHXtfY 29JLA

4 1 CHIIJ) + CH(11J+l)-4 C9Il1.1#$) Q9mys
54 CHII11J+ll * CH(IJ) + CHII+1,J) 07MYS

6 4 CH(IIJ41) * CH1I+1,J+1) ) + OOMX 07MYS
7 01PX(IJl * PX(S+1,J) ) + ODHY 14SF6
1 PY(IJ) PY(IJ.1 I + S41lj) 145E6
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IF ICC(1.3 1 427. '4269 4.27 05409
'426 CC I1.3) ~a1.0 05N()9
4.2? CCII,'.) -2.0 *IHYUHX3 0 1 DX(IJ + 0X(11,J)) 05N09

1 4 PDHXHY * I CRD(3) +CRU12) ) I 29JLR
2 + ODHXHY * I -CH(I1,J) - CH1I.1.J.1) 07MYA
3 -CHII11J) -CHII+lJ+ll I - ODHX 07'AYM
44 Px(1I+q, iASE6i

0011,1) uPOHXHY * 1 CR011) CR015) I 29JLAt
I + ODHXHY 0 1 CH1ItJ41) + CH(IJ1I) 0 9MYR

00(12) *-2.0 * I HXDHY3 * I DN(IJ) + OYUtJ+1) ?9f407
1 +PDHXHY * CR012) + CR015) ) ) 29JLR
2 0DOHXHY 0 CH1I.J+1) -CHII+19J+l) O7MY8
3 -CH(I.J*11 CHI.19J+1)) - niY 07MYR
4 *PY(I.j+) 1'.SE6

00(1.32 PDtIXFY * 1 CR0(1 + CR0(12 I 29JLR
I + ODHXHY * I CHtI41.J+ll + CH(II*J+1I C7MYR

EE(1,1) HXOHY3 * DY(19i.1 03JAR
IF 11-2) 9930, '.29o 428 05N09

428 CC(II1) a DX4I-19J) * HYOHX3 05N09
429 IF (MxP2 - 1) 9980, 5309 4.30 M5OO~
430 CC(I5) *HYMHX3 * 0X(1.1#J 05N09

GO TO 500 08OE7
431 CR011) AII1 I DX11-1,J 1 9 DY1I-19J I 1 05N09

81311,1) a CR011) 0 PDHXHY 29-118
8619,2) a 0.0 08DE7
CC(II a DX(IIJ) * HYI*4X3 08DE7
CC(192) a -2.0 * ( HYDHX3 0 DXII-19J) OSDE7

1 + PDHXIIY * CR011) 29JLB
CC1I,3) - HYOHX3 * DX1I-i.J) 08DE7

IF I CCI1.31I 436, 4359 '.36 05SNO9
435 CC(I3) a 1.0 05N09
436 DDII.1) a PDHXHY 0 CR011) 05N09

0011,2) a 0.0 08DE7
EEII11 a 0.0 03JAR

Go TO 500 00E7
C--COEFFICIENTS CUI*4PUTED AT i u #P3

436 IF tI-I) 9980t 4199 440. 05N09
439 8UI12) a 0.0 05N09

10(193) u 0.0 080E7
CC(I.3) a 1.0 170C9
CCfI.') a 0.C 080Di?
CMiss). a 0.0 08DE?
0011.2) w 0.0 OBOE?
00(1,3) a 0.0 080F7
EElI,1) a 0.0 03JAR

GO To s03 OBOE?
440 IF IMXP3-tl 9980, 4479 4.41 05Nn9
441 CR01'.) * AMINI ( DXII 9J-1) 9 DYI1 9J-1) )05N09

880(1,1) a CR014) 0 POHXHY ?9JLq
8841.2) a -2.0 0 1 POHlXHY f CRO14) 29J1A

14 HXDtiY3 'I DY11,J-11 I OBOE?
55(193) a PDHXHY * CR014) 2 9JLR
CC1I,2) v 0.3 OBOE?
CCII,31 HX0HY3 * 0Y(IIJ-1) O80F?

If i CCII,3) 1 99009 '429 443 05N09
442 CCI1v3) *1.0 05t409



443 CCI 141 u 0.0 OSJ0
DDII1I a O.U 0(MET
I)0112 * 0.0 0ME?
DD(13) a 0.0 08DE7
EEI9ll) & 0.0 O3JAS

IF (1-21 9980. 445t 444 05Nfl9
444 Ccl)j, le a 0.0 05N09
445 IF (MXPZ-II 9980. SOC 446 05N09
446 CC(II5 a 0.0 05N09

0 TO 500 0DF7
447 M9I.1) • 0.0 05N09

61)(162 a O.C O0OE7
CC(I.10 - 0.0 OBDE7
CC4i21 a 0.0 ObDE?
CC(I.3 a 1.0 170C9
DD0011 a 0.0 OBOE7
DD(1921 a 0.0 ODE7
EEI*l a 0.0 O3JAS

500 CONTINUE 04mY?
C
C --- BEGIN, MAIN SOLUTION

501 DO 515 1 a Is MXP3 29NO7
C --- RETAIl. RECURSIOI COErFICIEtvTS TO USE AT NEXT J STEP

AM2(IIl) a AMII1 ) ?1DE7
AMItl) a A(1l) 21DE7

5u4 IF I ML 1 5159 5059 505 29N07
.$s DO 51 K It MXP3 200C7

BM2(IIKR a B1I4I1K) 21DEI
SB(I(,K) a B(I9K) 21DE7
CK2419KI a CMI(I.K) 21DE7
CMI.IKI 8 C(IK) 21DE7

.510 CONTINUE o.MY7
$is CONTINUE 3OJE7

C - SOLVE FUR ALL RECURSION COEFFICIENTS AND RETAIN THE A(IsI
C COEFFICIENT AT THIS J STEP IN THE ATIIJ) ARRAY

JJ a J OBAG?
CALL MATRIX I LIJJtMXP3,MYtAABBtCCDDEtFFAtAMI '29N07

1 AM2,8.oBM1.l42.C.CMICM2.D.EML I 19AP$
00 520 t a 1, MXP3 20OC

ATIJ) a AlI,1) 29NO7
520 CONTINUE 200C7

C
C --- TEST FOR MULTIPLE LOADING --

C IF ZERO, RETAIN 6 AND C COEFFICIENTS ON TAPE 1
C IF PARENT, ALSO RETAIN D AND E MULTIPLIERS ON TAPE 2.
C IF OFFSPRINGo MOVE TAPE I COMPLETELY FORWARD IN STEPS.~C

IFI ML 1 522, 530, 525 250C7

522 READ 111 2507
GO TO 600 3lAGO

525 WRITL 12) I( DCJK)#EIIPK3t lwI9P.XP3)s KwIvMXP3.) .20C
53U WRITL (1) I(B (IiK), C lItKlt IlPXP3), K-IMXP3 V ?99/07
6O CONTINUE A0Y?~C

C .----COMPUTE ANO PRINT RESULTS
C



00 65v. LL. - It IYP3 29N07

J a MYP4 - LL 29Nfl?
C---PUITIU4 IAVE I FUR 3EADIt4G AN4D 5kt1RILVE THE A RECURSION COEFr

BACKSPACE 1 16AG7
DO1 625 1 It .* NP3 21J17

Alloll AT(I.J) 26DE7
625 CONTINUE 22JET

C --- RETILiVL 6 AND C RECURSION COEFFICIENTS AT THIS J STEP
READ (1) (IS(IsUK). C (I*KlI.1,MXP3) , K819MXP3 129N07

C --- REPOSITION TAPE
BACKSPACE 1 16AG7

C
C---COMPUTE DEFLECTIONS
C
C AJMl AND AM2 ARC NOW TEh.PS USED TO REPRESENT B*WPi AND C~wP2

CALL MATMPY (Li, MXP3, It Be WPI, AMI I- 26JAM
CALL MATMPY (Li, MXP3. It Co WP29 AM? 26JA6

0O 43.3 I a It HXP3 21JL7
W1IJ) ui A11.11 + AMIIsl) * AM21I9i) ;9NO7
WP241011 a wPi(IiIl 260(7
wp1(I.1) a w(IsJ) 2SDE7

430 CONTINUE 4MY
450 CONTINUE 0494Y7

C----SET DEFLEC71ONS AT CORNER STATIONS OUTSIDE THE BOUNDARIES
W~ioi). 20~ 0 W11921 - W(I*3) 29N07
W(MXP3,I) 8 290* W1 MXP3921 -WfXXP3,3) 29N07
W(IMYP3) a 2.0. W(iMYP2) -W 119MYPI) ?9N07
WIMXP3tMYP3) a 2.0 * WIMXP3%MYP21.-W(MXP39MYPI) 29N07

CI
C--CL4PUTE BE~NDING MOMENTS, PLACTIONS AND TWISTING MOMENTS
C

00 73v' J a 2s MYP2 24SF9
DO 720) 1 a 2# MXP2 29N07

CRO121 a AIIt DXII 9J1 9 DY(I #J ) I 29JLR
WSUMI ODHX2 * ( W(i-1,JI - 2.0 *WIIJ) 4 W1I+1,J) I06N07
WSUM2 a ODHY2 0 ( W119J-11 - 2.0 *W(IJI + W(1,J+1) ) (6N07
SMX(IJ) a DXII * WSUM1 + CR0(1 PR *WSUM'2 29JLM
SMY(IJI a DY(IJ) *WSUM2 + CR0(1 PR *WSUM1 ?9JLlk

720 CONTINUE OISE7
1)0 CONTINUE 065(7

C
C----- OUTPUT TABLE I
C

PRINT 11 ISSE6
PRINT I 21 iL7
PRINT 13, t ANINI, N a It, 40 1 1 70C9
PRINT 16, NPROB, ( AN2IN), N a I 18 1i 170C9

If ( ML ) $88o 887s 887 06N09
OS7 PRINT 39 6N09

PRINT 40, SOM IBAGO
w. TO 689 06N09

055 PRIO'T 41, &.PROS 06N09
* PRIMT 48, SOiM 1SAGC

669 IF fIOPPS) 9980, 692t 591 17AGO
91SDT2 * 40 / YHK, 9 THK I IIAGO

co To 095 04N09
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492 SDT2 1.0 7G
695 PRINT 40s SO'4 l7AGc

IF (10P8*EOo1 I I ?AGO
*PRINT 49 17AGO

ER a oOE-12 2 1N07
SU?4R a 0.0 1 ZOE?

DO 963 Ju a J# YP2 29N07
IF I IOPM.NE. I PRINT 6 TAGO

C --- CIJPUTE ABSORBED LOADS
JSTA a i - 2 29N07

DO 955 1 z 2. MXP? 29N07
ISTA a I - 2 29N07
O8MX a ( BMX(IIJ) - 2.0 nvIX(I.JI + BMXII+1,JI I 02NO6CnC

C QBMX a I 0KX(I-1,J)*l.OOO - .CDO * BMX(fJ) * 8MXlII9J)300C9IP"
1 # HYOHX 06N07CfiC

C I * 1.000 I * HYDHX 300C91P*4
OBMY a I BIY(JJ-1) - 2.0 O MY(IJ)' + PMYII.J.1I I ?NO6cn)C

C OOMY a ( DIY11J-1101*0CO 2*CDO * OMYII*Jl + fnMYII.J.)300C9IftV
1 * HXDHY 06NOTCOC

C 1 0 1.000 1 * HXOHY 3DOC9Iply
OTMX a IWtiIJ-1) * CH(IqJ) - w0i-1,j) C1HII.J) 07mys

1 + CH(IJ41) I + wfI-1.j+l) 0 CH(IJ*.J OTmys
2 -WiIJ-1I # C CHI1jJ) + CHII#1Jll+ VIIJ) OTMYS
's* I CH(I.JI 4 CH(I.J+1I + CII(I11J) + CH(I.IsJ 07M4YR
A +11) - W(IJ+1) * f CH(IsJ+I + CHII41*J+I) I 07mys
5 + WII.1,J-I) * CHII+1#J) - '*(I+l#Jl I CMII 07myn
6 *1,J) + CHII.1,J+1I )-+ WfI*1.J*1I CI4I1419J 07.4YA
7 -411 1 * ODHXHY 06N07

OTI4Y * TMX 074ys
QPx * ODHX * PX(IIJI * WII-1,J) - I PxII 06NO7

I + PXII.19JI I *WII.J) + PX(I+.I * W11,J) lO2NO6CnIC
C. .4- + 0.000 + PX(I.1,J) 1~~j + I.J PXfI.1J) *WfI+:qJI,,COC9P

OPY a OOMY **I PYIJ) * fIj-1I - (PYtiJI 06N07
I + PY(I*J,1l1 0 WIIJ) + PYIIJ+1) *W(ItJ+1l) 02N06COC

C 1 4 0.000 4 PYIIOJ.II 1 * WfI.jl + PYlI.J+II W(I*J+1ll30OC9Ie,*
C--COMPUTE TWISTING MOMENTS

WSU(43 ( IWII-19J-1I - WII-1I - W1141,j-II +
1 Wtl+1,J.1I 1 0 0.0625 *ODHXHY 06N07

1 UTRC TMX I CHI#1J) : CHil#J+!I + CHMI 1J + O 7IO+3 C1PC
ICHII+19J+1) ) 4 K5IUM3 OTmys

C --- ~TATAPPLIED LOAD FROM SUIM OF ABSORBED LQADS TO GET REACT
REACT a (JSNX + OMY 4 OTMX 4 OTMY - QPX - OPY -oIIJ) 06N07

f C --- SU*ATlijh OF REACTI0l6S FUjR STATICS CHECK
SUMR SUlaR + REACT 17JI

If( REACT *REACT - ER 1 905. 905t 906 IONOT
90 REACT *0.0 ION07

C ---- COMPUTE PRINCIPAL MOMENTS OR STRESSES
C

906 BMA a(BMX(IJ3 4 BMY(I*Jl 1 0.O50 M7AR
C UM SBNIi 04ENT IN X DIRECTION (COM'PRESSION-INTOI4
C TMX IS TWLST~flG MOMENT IN X DIRECTION (AROUT Y AXISi'
C S100 IS THE M4AXIMUM NUI~rRIC VALUE OF PRINCIPAL MOM4ENT I + OR -I.

C IF THICKN!SS SWITCH IS INPUT It IS THE PLATE STRESS AND IS +
C FOR 10fSIOlN IN GOTTOAI OF PLATE
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C CU.ATER CLUCKWISE BETA ANGLES ARE POSITIVE AND ARE MEAStURED FRO14
C THE X AXIS TO THE DIRECTbOt; OF TIlE LARGEST PRINCIPAL STRESS
C uR MOMENT (POSITIVE UP NEGATIVE)

TMY a -TMX lOSE9
5t/P a BllXIItJ| - BMA ISOF7
8MR a SORT ( BWP B MP * TY 0 TY J 1OS 9Crc

C BMR a DSORT ( BMP * BMP + THY 0 TMY 1 310C91P"
D140 a UVA + eMR 15DE7
BMT a BA - BMR IS0E7

C ---- TEST TO PRINT ONLY THE MAXIMU. VALUE
IF I BMA ) 916, 918. 918 IS0E7

916 PXMAX a BMT OSE9
IF I BlP ) 940, 9309 920 150E7

918 PMMAX a eMO ISOE7
IF I BMP 1 920, 930, 940 1SDE7

920 ALF * THY / BMP 10SE9
ALF a ATAN 4 ALF I * 57.2957 IOSE9C)C

C ALF a DATAN I ALF ) * 57.29S78 170C91a'
IF I ALF 1 922, 924. 924 I9S 9

922 THETA a-ALF - 180.0 10SE9
GO TO 945 ISOF7

924 THETA a + 150.0 - ALF IOSE9
0 TO 945 ISE7

93u IF I THY 1 932, 934s 936 1OSE9
932 THETA a + 90.0 1OSE9

GO TO 945 ISOE7
934 THETA a'0.0 ISOE7

GO TO 945 ISDF7
936 THETA a - 90*0 osr9

GO TO 945 ISOE7
940 ALF a TMY / OMP

ALF a ATAN ALF 1 0 57929S78 1OSE9CnC
C ALF a DATAN I ALF 1 5729576 17OC91P%

THETA a-ALF IOSE9
C ---- CLUCKWISE ANtjLES ARE NEGATIVE

945 BETA a 0.5 • THETA ISOE7
$IGO a PSMAX * SDT2 ISDE?
PSIGOIIqJ) * SIGO 26JEO

IF I OPeok.E.1 3 0 TO 946 IAGO
IF I ISTAEOIMX/21 *A* JSTAEQIMY/2) 3 GO TO 943 17AGC
GO TO 9M5 17AGO

941 PRINT 47 9 ISTAs JSTA, WIsIJlIbXIIJlBMYII9Jl9TMX 9 REACT* OBDE7
S - SI0, BETA 140F7

955 CONTINUE ISE7

960 CONTINUE 09AG7
PRINT 6 17AGO
PRINT 40, SO I7AGO
PRINT S., SUMR 12DE7

IF I NCT3 3 998G 985, 970 26JCE
970 CONTINUE 26JEO

C OUTPUT TAKEO
C.

PRINT 11 24SE9
PRINT I 24SF9
PRINT 13. 1 ANiII |1.. 40 170C9

62



PRINT 16. NPROD, # AN2(I3. I 1# 18 3 1 7OC9
IF I ML ) 972. 971, 971 26J40

971 PRINT 63 26JE0
PRINT 45 04N09

60 10 973 26JfO
972 PRINT 64, KPROB 26JEO

PRINT 45 4N09
973 CONTINUE 26JE0

CALL SLPLT ( Wo BMX9 8KYs PSIGO. Li. L29 IPOP. I I 26JEO
95s CONTINUE i6Jrc

CALL TIC TOC t4 25SE6
60 TO 1010 ?6AG3

9900 PRINT 9V 29N07
999U CONTINUE 19MR5
9999 CONTINUE 04MY3

PRINT 11 INY$
PRINT I 21JL7
PRINT 13. 1 ANIIN). N 1 1* 40 1 170C9
CALL TIC TOC (2) 26SE6
PRINT 19 26AG3
END

t



SUd~iaUTINE MATRIX ( L1,JJMXP3,MyA*At.CCcDcorcF.AAM1. 79N07
I M 0.ii.lZC,!iN 0. ?~ ) 19AOR

C UOUbLE PPRCISION A**% 83t C,9 00. tEs rFt A, A?-1. AM29 So 8141, 0-'?216OC91 a.
C 1 C. CM19 CM?, Do E 160C912"

DINEosS1UN AA (1.1.11 9 88 (L1.)) s CC (LI9519 03JAR
2 0D tLi*3) 9 EE Meli) 9 FF (11.1), 19APR
3 A (.4.1.) 9AM1ItLIoll AM24.CI1), 29N407
ft 8 (L1,Ll) * 814(LioLl) * tM?(Ll9LI) 929N07
5 C (11,11) 9 CI01LI9L1) 9 CM2(LltL1) 99O7
6 D(LI1) s E(LlL1) 26JAR

C
C ----- IEST FOR AIULTIPLE LOADING9i IF OFFSPRIN4G* RETRIEvE D ANDO E
C RECURSION AULTIPLIEPS FROM TAPE 2
C

IF( ML 1 5009 520, 520 2OOC7
Su0 READ (2) 1( D(IK) # E(I.KI # to 19MXP31 # Ku 19MXP3 )200C7

-6O TO 550 ?0'K 7
C
C ---- CURPUTE RECURSION MULTIPLIER E

520 CALL MATMYI (Ll MXP3 # MXP3 o AA BV* 9M El) 29N07
CALL MATA1I(LI MXP3 , C 9 88 # E) 29t407

C
C --- r-CunPUTE RLCURS10ON MULTIPLIER -1/Do C USED AS'A TEMPORARY

CALL MAIMPY (Li , MXP3 , MXP3 s E o BPI 9 01 29?90
CALL M4ATMYI ILI 9 MXP3 9 MXP3 t AA * CM? 9 C I29N07

00 535 K a It MXP3 2iJI 7
DO 530 1 0 .. MXP3 2ljL7

D(IK) .- D(IK) - CI.KI OIDE?
530 CONTINUE AMY7
535 CONTINUE ?2JF7

CALL MATS? (Li. MXP39 Do CC. D I29N07
C
C ---- CU.IPUTE RECUR-SION MULTIPLIER D

CALL INVRS I 0. Li. MXP39 JJ I 19APS
C ---- C"IPJTE RECURSION COEFFICIENT C

CALL MATH? (LI # MXP3 9 0 9 EE C I 29N07
C ---- Cu.PUTE RECURSION COEFFICIENT Be NOW USING 8142 AS A TEMPORARY

CALL MATMPY (Li MXP3 o MXP3 9 E * CMI t B 2 9N07
CALL I4ATAI ILI MXP3 8 9 00 s SM?) 2iDE7
CALL MATMPY (LI o MXP3 MXP3 9 0D SM9 BV. o 8 i2DE7

C --- CUAPJTE RECURSION COEFFICIENT A. EE USED AS A TEMPORARY
550 CALL MAINPY (LI o MXP3 , 1 9 E 9 AMi, A I ?'9N07

CAJkl. ?ATMY1I(LI o MXP3 v 1 9 AA 9 AN?. EE 02JAS
DU 56v~ I a It M4XP3 2 IJL 7

EE(IeiI a A(Ioi) E E (1.1) - FF11.1) 300C9
560 CONTINUE 0AMY7

CALL MAT14PY (LI # MXP3 t 1 . 0 9 EE 9A I 02JAS
RETURh OA67
END GA07
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SUd5(uUTII4E MATMYl fMl # 12 9 L. 9 X 9 Y 9 * 2541?
C UUIL PRECISbON Xt Yo Z 160C 91

DINE %S Iuf UIX1.41911 ZI1C 9 YIV1.1f 03JAM
00 200 1 a I 1L2 19AV~
00O 100 J a 19L 13.117

2(Iv43 a Xi1.1) 0 Y(I*4I 03J4
Ju CONTINUE 13417
0 CONTINUE 19APS

RE TURh 13J17
END 13JI17

SUBROUTINE NATAl (Ml L 2 * Z 9 X3 Y) 2547
C DOUdLE PRECISION X39 2, Y )60C19'A~

OIMEftSION X3(MI933, Z(M1,M1I, Y(FM1,N1) 13417
MMI &L2-I 25J17

00 60 12-1,12 19APA
DO050 J uI.L2 25417

*Y(41 Z1IJ) 13A?.
s0 CONTINUE 1141.7
60 CONTINUE 19APS

00 100 1 a 2, MMl 1341.7
Yl 19 -4) a Y4191-l3 X3(fo13 13.107
Moll) Y11911 + X3(192) 1141.7
Y(Iq141) a Y(Iq1,l3 * X311#31 . 13.107

100 CONTINUE 13A?.
Y11,1) -Yf1,1) + X3(19Z1 13417
Y1l92) Ylls2,) + X31131 13417
Y(L2#12-1) 4 Y(1.90-1) + X3tL2t1I 25417
VIL29LZ) aYI12oL2) + X3(L2*21 25417

RETURN 13417
END .13417

SUWIIIUTINE MATIKPV (Ml # L2 t L 9-X 9 V o Z) 25417
c DOUBLE PRECISION X9 Ys. Z 160C9 I FM

0104EMSION XIM1,MIl YIM19L It ZIP1L 3 ?74r7
00 300 1 r1 .1L2 19APA
DO 200 M a 1.1 19AP4

M(IMI 0.0 27JS7
DO 100 K a 1.L2 21A

ZlIIM) X II*K) YlVKMI * (1.3') 27JE7
IuO CONTINUE 27411
ZuU CONTINUE 19APS
3#jo CONTINUE 19APO

fElIURN 27J[7t
(NO MEJC
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SUdH~jJTtINE MATS2 (LI s ?'1 s Z 9 X3 , Yl 3ON07
C Uo'ULE PRL-15lU11 Zo X39 Y 160C9 1

VJ42 a 141 - 2 13J17
D4J 103) 1 a 39 fPJ-2 I3JL7

Y(I,11)es!I1111 - X3(1921 3ON07

Y(I.I*) a 2(11+ - X311) 30N07
Y119I+2) a 1(191+21 - X311#51 30PN07

100 CONYIK'UE 13JLT
Y4191) a Z011 - X3(l31 30N07
Y(1921 a Z(1921 - X3(194.) 3 ON07
fIs3) a Zf11,3 1 - X3(1.5l 30N07

Yt2oll a Moll - X3(292) 30N07
Y(292) m Z1?22 - X34203) 30N07
Y(2931 Z12o3) - X3(294) 30N07
Y(294.) Z22.') - X3(295) .30N407

VIN1-1,Ml-3) a ;thl.11,M1-31 - X3(Mi-191) ION07
Y("l-1,MI-2) a Z(MI-19MI-21 - MM)-19Z) 30N07
VIMI-1,A'1)l m Z(M1-1,MI-1) - X30,01-1911 '40PIO7
Y001.-1,MI.) a Z(M1-I1tMll - X3(141-1,'.) 30NOT
YIMItMl-21 a Z(M1,M1-Z) - X3(M1.1) . 30N07

kYVIs114-I) a Z(M1,M1-l) - X31M1,2) 30N07
Y0419N1) *Z11419M11 - X3I1,13) .30N07

RETURti 13JL7
END 13JL7

*&(UWAUTINE 1140R5 t A, Li. L29 JJ 19iAPA
C OOUBLE PRECISION At So 52 160C91 p..4

0IMEsAIuN A(L1,LiI 25JAS
20 FORMmT 1///26H NO INVER~SE EXISTS JJ*s 15 9 IOH A(1.J) I 300C9
30 FOR14AT ( 1X#ICE1O*3 I 1 00C7
31 FORMeAT 1// 5CH NOTE# THIS IS USUALLY DUE TO AN ILL-DEF;NED OR 31AGO

I S2H INSTABLE STRUCTURE - CHECK YOUR INPUT FOR 31GC
2 52 SH ERRORS* (BEWARE WHEN MODELING CRACKS THAT 31AGO
I 52H THE STIFFNESS AT THE CRACK IS GREATER THAN 31AGO

4 52H ZERO) - ALSO THIS WILL HAPPEN IF THE SLAB 3lAGO
5 SiN HAS BUCKLED DUE TO EXCESSIVF AXIAL THRUST M3AGO

EP a l.OE-10 210E7
DO 185 1 a1I, L2 20oc7

*KK a Ii + 2OC7
If 4 AbSIA(1,I) I -EP 1 9909 990. 150 19APSCOC

C IF I OABS(A(ItIl I -EP 19909 9909 150 300C91pt"
ISO S a I /AfII) 2O0C7

DO 160 J v It L2 25JA-q
All,.)) a Afll..)* S 200(7

140 CONTINUE 200C7
Allsl) a IS ?SJAR

00 160 J Il. L2 ?DOC7
If J-1 Il170 130. 170 ?00C7

572S AIJ9I) 200c7
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AlJI3 0.0 25JAADO 175 K a It L2 25JAA
AfJ9K) a A(JK) S 2 *AII,KI 20c?175 CONTINUE 

____.-~- -20C

- -~TIW -- (TTNUE20C
165 CONTINUE 20C?

RETURB 200c?
990 PRINT 20o Ji 2OAR

PRIAT 3u, It A(I,JI. Jx1,L2) a Is L2 I 105JAN
PRINT 31 .25AO
END 20CC?

SUBROUTINE MATM2 (MI L2? Y *X Z)1PSLC DOUBLE PRECISION x, Y z 25JL11,
DIMENSIUN x~m * Z(t41,M1I 160 9(I 1 3A

00 200 Ia~ I L2 YIqM) 3AS
DO 100 J a 1,12 19APS

Z(IJ) a x(J,1I Y1I,J) 25JAB
100 CONTINUE 03JL7
200 CONTINUE 19APPI

ARC1URm 19AJL
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SUuRUUT1IN TIC TOC (J) Z40C6
C

C --- THIS ROUTINE IS SPECIFIC-LLY FUR THE COC660C. WHEN USING THE
C IBM360/50 SYSTEM THE INDICATED IBM CARDS WILL CALL THE SUBROUTINE
C PRYINE TO PRINTOUT THE REUIRED TIME.
C
C --- TIC TuC (11 x COMPILE TIME 20DE?
C TIC TOC (2) a ELAPSED TP TIME 30OC9
C TIC TuC 43) - TIME FUR THIS PRPBLEM" 20DET
C TIC TUC (4) m TIME FUR THIS PROBLEP AN;D ELAPSED TM TIME 300C9

IU FuRHT(///30X19tELAPSED TIME a 1598H PITESF9.3#8H SECONDS ) 31AGC
11 FRA41 I//3 X1HCFPILE TI|%r * ,1598H VINUTESsF9.3,BH SFCONDS ) 25SEb
12 F0RAT(///3;X24I4TI;*E FOR THIS PROBLEM a ,15,SH PINUTES9Fq.39 25SE6

I 3H SECONDS I 25SE6
I * J - 2 21JY7

IF 1 1-1 ) 40, 30, 30 21JY7
30 FI4 F 2SSF6
40 CALL SECOND IF) 2SSE6CnC

C 40 CALL PRTIME 300C91pv
C GO 10 990 lOOC9lay.

III V 25SE6
11 a III / 60 25E6
FIZ * F - I1*60 ZSSE6

IF I I 1 50, 70, 60 24JL7
50 PRINT 11, 11, FI2 2iJY7

WO TO 99j 255E6
F13 a F.5 F4 25SE6
12 a Ft 60 ;SSE6
F13 a F13 - 1206O 253F6

PRINT 12, i2, F13 2556
IF £1 )1 99C, 990, 70 21JY?

70 PRINT lu 11, FIZ 21JY7
990 CUNTINUE 06SE?

RETURN ZSSF6
NO 75SE6



SUbRUUTINE PLOP I U, LI, L2s NCT6* KCT7, !4X, MY I 76JEf

C - - - - THIS SJ8QOUTItE ACCEPTS SPECIAL LOAD 'ATTERIS Atin THEIR I AGo
C PLACE.ALt4TS9 AN1D GENERAT!S TliF APPHOPRIATE LOAD VALUFS FOR 18AGP
C SVLUTIUN BY THE rAIh PROGRAM. I8AGW

U IKEvS IUN !I16 st9 912) JN16 ( 9 9121) OP t 9 912) NO f9 1, 0O1L 1L9 L 2 76JEO

I IN1I 7). J17( 7) 26J[c

DATA OP / 108 *0).0 / 07SEV
6u FuRm.T ( l292X 129 2X 2413 ) 26JE0

61 FURMAT ( 8X 12F6.0 ) 26JE0

64 FORMAT ( 5XSOH PATTERn NUN OF PATTERN COORDINATES :ND I7AGO

I 30H CONCENTRATED LOADS 26JFC'
2 /9 5X 5OH NUN LOADS x Y X Y X Y X 17AGn
3 30H Y X V X v ISAGV

4 / 26X IOHREFERENCE ) 17AGO
65 FORMAT I /5X159 5X 149 4X 61 15. I I I 17AGO
66 FORMAT 23X 6( 3x F6.0 ) 03JL0
67 FORMAT 26X 61 13,IX.I3 1 ?6JEO
7U FORMAT I //50H TABLE 7. PLACEMENTS OF SPECIAL LOAD PATTERNS /117AGO

71 FORMAT 1 1615 ) 26JLO

72 FORMAT 210, IX 7( 15,14 26JEO
74 FuRMAT 53H PATTEPI, NUM OF LOCATION OF REFE 17 GC

I 3OHRENCE LOAD (SLAB COOR'INATFS) / 17AGO

2 50H MUM PLACEMENTS X Y X Y X Y 17AGP
3 35H X Y x y X Y X Y / ) 26JEn

30 FORMAT (///50H NUM OF WHIEEL LOADS APPLIED TO TE SLAR = 17AGO

I |lUt/ 50H SUM OF WHEEL LOADS APPLIED TO THE SLAq a 26JEO
2 EIO.3, I SOH -MUM OF WHEEL LOADS PLACED OUTSIDE SLAB - 17AGO
3 Ilut/ SOH SUM OF WHEEL LOADS PLACED OUTSIDE SLAB a 26JE0
4 E1U.3 I 26JEO
PRINT 64 26JEO

IF ( NCT6.EO.o I GO TO 115 07SEO
NCT6D2 a NCT6 / 2 26JO

DO 110 N a Is NCT6D2 07SE0
READ 60* NP, NL, ( INl*(NPJ)t JNl6(NPJ)t J * 1, NL ?6JEO

NOINP) NL 26JEO
READ 61, 1 OP(NPIl, I u 1 NL 2 Z6JEO

IF ( NL oGE. 12 GO YO 110 07SEC
NLPI a NL + I 7SFO

DO 100 1 s NLP1, 12 07SE0

IOU OPINPOI3 * 0.0 07SE0
110 CUNTINUE 0TSE0
115 DO 50 NP * It 9 07SE0

00 120 1 i s 12 07SEP
IF i OP(NPIl .EO. 0. 1 GO TO 120 07SE0

NL a NONP; 07SEC
GO TO 122 07SEC

120 CONTINUE 07SEO
GO TO 15C 07SE0

122 IF I NL.GT.6 ) GO TO 140 07SE0
PRINT 65s NP, NL, f IN16(NP*J)* J161P,JI, J I s. NL 7 6JE
PRINT 66, ( UPINP*I), I - 1. NL I 26JE0

GO To 150 26JEI
140 PRIiST 65s 1uP, hL, ( |N161SPoJI, JN16tNP*J)t J I s. 6 ) 26JEO

PRINT 66w 1 OPINPI), I w It 6 1 26iE0
PRIAT 67, 1 1l,16NPJlt J%16iNPJ), J a 7* NL I 26JEO

PRIftY 66. 1 OPINPI), I a 7, NL I 26JE%%
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ISO CON 71 MUE JP
ssOPSUM a0.0 IIAGP

OPOSU4 0.0 ?76J!L
LOP *0 26JFO
LOPO a0 26j!Co

PRINT 7u 26JEO
PRILNT 74. 26.JEO

L00 30U1 N a It NCT7 26JEO
REAO 719 loP, t45P, I NI1)JN7IMI, I a It NSP I26JEO
PRINT 729NP9 NSP9 INI71119J.4171), I a Is NSP I 26JEO

NL a NQ(NPI 26JEO'
00 290 1P s 19 Nsp 29JF(n
DO 263 IL: aItNL 29JEO

I a IN16(NPIL) + INMTIP) ISAGO
J1 a JN16INPIL) + AM1INP ISAGO

IF I l.LT*O .0. I*GT.MX .06 J.LToO .0v J.GT.MY 1 GO TO 260 29JEC
I1*I1.2 1 SAGO
J a J + 2 *16AGO
0PSU4 a OPSUM + OP(NPsIL) 29JEO'
LOP a LOP + 1 76JFCI
QCIOJI a GtltJ) + OP(l4PfIL) 29JEO

60 TO 280 26JEO
260 OPOSUM a OPOSUM + GPINPtIL) 29JEO

LOPO aLOPO *I 76JEO
260 CONTINUE 26JEO
290 CONTINUE 26JEO
300 CONTINUE 26JEO

PRINT lU LOP. OPSUP-19 LOPO9 CPOSUM 26?JEO
RETURN 26JEO
EhD 26JEO
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SLOMUUTINC COP$ I CM, DX. DY. So Li. LP I
COMMvt4 / COPS /EM. SKK9 ZOP~o icPC9 tOPS. ME, MY ITAGA

C ---- THIS SUBROUTINE Gft~rRATcs THE OPTIONAL PAVEMENT STIFFNESS 18AGO
C CQNSTANTS. APPROPRIATE QUARTER AM!D HALF VALUES ARF 1OAGO
C GENERATED AT THE EDGES. ISAGO

COM0q4h / SPLY / M~o MY# TMK9 NCTS9 NDC, PR 26JEO
011E.,SItN OXtLIL2)t DYfL1.L2)9 CH(L1,L2)9 SfLR.L2l 26E

60 FURMAT C/SON TABLE 4. ( CONTO I COE.PUTEO OPTIONAL PAVEM4ENT iSAGO
I ISM STIFFNCSSES IIAGO

2 / 37H FROM THRU Ox DY IBAGO ~
3 OX 25 C Osre

4 ?1 X SMI I 13,I*,2X2HO.QX2MO.?CX20.6KP1(t.3, IOAGO
5 7x SHO 0 13.14o 2EII.39 11K E11.3. 4H4 0.

6 X 9141 0 13.14* 2EIIo3t lIX £11.3. 4H 0. ISAGO
7 / TX $HO 1 139140 20.1030 11K E11.3. 4M es 18A0ft

4 1 iX SHI 1 13914o 2E11.3o IlK E31.3, 4H 0. I 18AGO
DX004 a 0.0 26JE()
5604 a 0.0 26JEO

* ~CHGEN a 0.02oJE
HYP1 x MY 4 1 24JEO
M4YP2 a MY * 2 76JC
MXP2 a MX + 2 26JEO
M~xpl a X 41 26JEO
mX~l afX - I 26i'0.
MY"I a MY - 1 6e

IF I IOPDoNEo1 60G TO 110 MIO3LO
DXGEN. aIEM TV.O$ 1 12** 1* -PR*PR I 2 6JEO
DX604a DXGEN .25 ZAJEO

luo IF ( IOPCoNEoiI GO6 TO 110 2AJEO
CHGE a DGE Clo PR I 6E

IiFd If I IOPS.NEo.1 I G TO 200 26JEO
$604 sSKK 0NKOH Y *25 .26JE0

20.0 PAIftT 40, MX. MY. CHGEN, MX9MY9 DXGOA, DXGO.. SGO4 24JEO
1 0 MxMl. MY, OXG049 OXG04o 3604 24JEO
2 0 Me, MYM1i. DX0049 OX6049 S6O* 26JEC
3 o MXtMl. MYMi. OX0049 OXGOA, 50* .2AJEO

IF I IOPCoftE.l1 60 O 300 26JlEO

00 250 J a 39MYP2 26JEO
250 CHCI.J) NaCM1I.J) + CHGEN 26J10
300 CONTINUE 26JE0

_-00 310 1 s 29MXPZ 26ileC
00 310 J a29 YP2 &E

O X1i9J) 9 DXfIJ) + DXG04 26J.EO
O49)a OY(IJil 4 OX604 26JE0

310 s(1,4) a 5(1.4) + SGO0. 24JLTO
00 320 1 s 39MXPI I&JE0
DO0320 J a29 MYPZ 264A0

DX1I a O XC 1.) * OXG04 24JE0-
DY119J) a DY(1,Jl + OXGO4Aii

30 DO 340 1.2a MXP2 * G*.26400
00 340 J.3 a oYPI** * 26J00

DXEII a DXC 19J) + DKGOA 26JE0
DYE1,43) a UYfI.41 + OXG04 RGJE0

340 s(3.4) a 51,4) + 5604 2640O
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00 350 1Ia 39 "PI,~E
00 350 .1 a 39 MYPI Sf

DXIIOJ) a oXlIqJl + OXC*04 26Jf10.
oylIsil a OYtlqJ) + OX004 WSee

sic S(IoJl *fq~ 51, *sGO4 ?6JE0
RETURN 26J910
END WED9,

SIJRLMITINE ZOTiI tXX9 YY, NEND, 10 1 28JEO
C - .TH13 ROUTINIE IWHCk ACTIVATED I CRIVES A CALCCHP 763
C IF YOU HAVE A 763 AND DESIRE THE USE Of THIS ROUTINF
C CONTACT FRANOK L. ENDRES 9 AUSTIN RESEARCH ENGINEERS INC*

C ~ 3120 MANNR RD. AUSTIN# TEX 76721

SUJUATINE SPLTD2 I KEY# NENO, X. DUM I O2JEo
*INE44ICIN XINEND1. DUMIl) 029EO
CONM" /PLOT/ lit 120 J19 J92 2SM09

If I KEYofOo1 I CALL SKtOTS f Xt MEND# CUP I IIN09
If I KtY.~o.2 I CALL SPLOT4 I K* OUM,9 MND I IIN09

RETURN% I 50C9
END I 90C9
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SLRAWTINE SLPLT I V. 614K. SMY. 5100. 11. L29 IPOP# IC 1 02$Oe
CUevut / ZUT f LOP. M4C# IPULL9 MOP 1SJE0C0C
CUMN~4 / SPIT / PK9 MY* T19. NCY3. NOC, PR, S0O4 31AGO

COMMUN /PLOT/ Its 129 At. J2 p"Va

I AWWO) # KASEKIO) 9 KASFY(101 9 KASPIIOI 1 2'Iv1O
2 TElEX 4403:. TEl4Y 13001# KE(3:. 1sJFo

DATA 101. 192. 103# 104 /IOIEDEFLECTION9 lONtEND MONM X# 1sJE@coc
1 10146(140 O Y9 10ON 5300 / sJEO)c

46 FORMIAT ISX9 21IX.I19K.I1v322X9EI.*31 ildC7CDC
54 FORMA~T ( 46 ZX* 13 It 41 4X. 11 1 1 20APO
S7 FURrsAT i 5,Av 2( 6 12 I?. qK 13 I. 4X. 12.' IlK. 12. 2111X#12) I 20AP0

69 FORMAT f///.15X.3ZHSOHK MOMENTS .ONL* ETWEEN 0 191 051409
1 ON..) I 1 AN AN 013 .9139. 14.3 qN We ./ 2448
2 204 XK. Y K MOE40, 10MENT ET .) 249
66FORMAT ( 15X9 12. X 1K3. ICK. ECC).3 .I 1. FISMI0CC

C 76 FORMAT iISX 15. 2. IX, 13. ICK. IPEIO.).3K 1 91. 300C910V
6? FORM4AT f///#l5X*26HDEMOMETSON. 9 BETWEEN 1 919#1N99119 099

I IN I AND I .13. 114..139214 , t/ 20~9
2 3Q04 . Y Y DETO s 1 2s09

60 FORMAT 1///*15X#ICHPRINCXPAND Y .1414(5. BETWEEN i ;o$ ask"
1 114..139 IN I AND 6 9139 114,.13t ZM I 0WO, 20
2 1324 X 9Y XAOET4 #i ONYMMH / o/ 1 260

90 FORMAT I/ 14 *** 3 CTION. * TOTA 1MERO SPICIIE 3OMO9
C1014ORATPOISX TS2 IS 13 IX. I.EO3 3X Oi~3I 0mR

601 SOMTt//IX2HOLD NOT SE GETEN THAN 300 ./ 1 20APO
IF 4 H.N I GOD T o19 00032 1 0fh OP

100 CONTINUE (/ 5 *RCATO*TTL UBRO PEIIDE"oCI

IC SO0 PONT S JS#/ F1oCV

00 10 1 1 300ISJEOCI)C
MOP~ 1 o . ISJEOCD)C

C 1 214YO

REA 175 N. IsNCT3 1014Y0
READ $6 N131ri:. J4113fNls !N231N)o JN234N)o KASEWIN19 KASEKIt4I. 20APO'

I KASEYINI. KASEPfNI IOAPO
PRINT 5? *NS(i EIN134N-1N3Nl) NZ34i)-JK1364141 ORO

IF I 11413614 - 31423414) 1 154. 154, 153 010C9
153 NOE a NOE # 1 24049
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194 IF I "iSINI - JH231h) I 194. 194. 195 24Sr9
lisMOE a N)E + I 24SE9

154 IF I thZ)Im) - Mx I Is$. 156. 157 24SF9
191 NOE a O +1 24SE9
is* If 1 Jf231NI - my 1 160. 160. 199 24SE9
199 MDEa "S*1I 24SE9
to0 If I KASEXIN) - 1 I 162s 142. 141 090(9
141 MDE p ME + 1 09
142 If I KASEY(N) - 1) 1 . 1649 163 09OC9

144 IF I KASEWIN) - 1 1 144. 164. 16S45P~
149 NDE wMOE4 * 9APO
144 IF 4 KA5EP(NI - I1 16. 16. 167 20APO
147 WDE aNOE * I 2APO
146 If I MEND - 300 1 174. 174, 173 2000f

N1 OE aNO + 20APO
PRINT 90, tIEMO O516ft

114 CONTINUE IoApo
179 CONTINUE 20APO

GO To 9000 124YO
C
C- OUTPUT TAMS 9
C.

600 coNT INUE 19*0o
If I tPoPeooG. I MOP I 15J10CI)C

OPOP OaIPOP - I Io4yo
00 616 N a to 6CIS 20YO
If I KASEWINI - I I 616 602. 9960 lw

out PRINT 6, 19111 JN1SiI, IN23INIS JN2SI) 20"Yo
11Ia N934I + 2 2OAP0
3) 0 10621NM * a IP
A i JUISIN)I * 2 lOA00
JR" a 1211+0441 100

K- o 0 2OAPO
If I WJ-JI)-M~-I1) 1 604, 604, 606 20NVO

604 00 $6 j jig.J20w
00 of4 1 11 It 204Y

K a K 1 2APO
'TINXI%.) a WI1oJI 20APO

6go CONTINUE Romyo
so TO Ila 20NVO
'06 00 610 I1a1lit12 20'4yo
006$10 jJi1.A 204IyoI

K a K 1 I 2APO
TEIM a WII.JI SCAPO

610 CONTINUE 204YO
M1 If 1 1POP 1 614. 064 614 2ONTO

614 CALL SPLTD2 I to MEND, TtAK9 20.9 2514YO

614@ CONTINUE 19110
30 a 101 19JE0cflc

* CALL 101 1 1 X TENX, MEMO . 1 icI~
h* a2 14"ID 48 a19*0

0061 $0 1, t Ir 19*0e
611 INIII I - I91
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IF I IPOP*EO.1 I GO to 614 PV
61$ CONTINUE 0Y
$20 CUNTINUE .20oM

DO Set, ft3a I4CTS @5160
IF I EASIKINI 0KASEYIN) - 1 1 624, 622. 9900 lON"'

622 PRII 69. INl3hV 4N1)4I.), 1N23(t1 JN2)4tN) 2016YO
GUT~e) * 2OYO

624 If 4 KASEXINt - 1 1 $24s 626. 9940 poNYO
626 PRINT 65t 116161 Jh1)(NI. M12)441* JN2)1) tohy0

*GO TO 6)820v
626 If I WAEYMN - I1 ) 60. 6)0. 9960 IOMYO
6)0 PRINT 61# 161t) JMlbl)N19 162)1M), 41423) 414)
632 CONTINUE 20m~vt

11 I 1IS)41) *2 24SF,
J1 * $13116) *2 24519
12 1162)416 + 2 24SF9
J2 .4123416) #2 24(99
MEND6 t 421l:1*1(2-J1*1) 11160
K 0 21609

00 6)6 J4341.J2 10MYo
00 604 13 Its 12 204YQ

K K 1 25160
TEIMI M 11.) Rpm6
TEMWI)I IS"",1J 2169

6)4 CONTINUE 2014YO
$36 CONTINUE -20"Y0

in6 If I KASEXIN) * KASCYIN) 1 1 642. 640. 9"60 20"oY

.63CALL SPLT02 I It 160160 T9AX, 20e 1 2SMYO

04 If 4 KASCYIM) - 1 1 9960. 46. 9980 0o
646 IF I (JZ-411-412-11)1 I69 $94. 6486oY

Do 692 1 11 It1 OT
00 SO J 1 .82 A 2OM1t

K K 1 1209
lETIIK a exylf j 1.4 10

690o CONTINUE 2ONTO
692 CONTINUE 0o

694 CALL SPLYO2 I to KIND#0 TINY* 20. 1 21oNT
46 CONTINUE oe
6 COhTINUE 1 0302198(

Of f KAUXIN).e@.1 o o 194E@Ct)c
-if I KASEE(N)1@.1 CALL ZOT I f ER. TOME. MONO. 10 1 ilOCIK

16P2 NINEO 4 2 S9UED
06170 1 NP2 1941!0

67 ZEIII -I 1 19it0
If I KAS(YIsEQ.1 1 10 a10) * . I~JEocC
If I ILAUY4N.etot I CALL 10T 1 1 xE. *16?, MEMO. 10 I 1940CV)C
00 6718 I toNP: 194(0

.012 UXIII a I - I 19.810

If0 I PP09.@1) 1 40TO M )6w
M CONTINUESI

* 75



Do 964 11 NC?)2'4f
If I KASC#IN) 1 1 94,# 061. 9950 0Y

041 PRINT 67. 50*4, 316S1)66) JN1)6NI# 1162)6161 J02S(N1.. SOW4 075(0
It * 116506) 2 1 INVo

Ai j"41)616 42 1214Y0
J2 * $21616) 2 1ZISYo
01960 w (12-11+1014-4+11 116Y

K. 1216Y0
F W J-41 - 412-111 1 11111140too? 02JEO

WI 006606 j a 1.42 02Jre
00 $963 a 11. 12 .02410

K aK* +1 02J10

66 CONT INUE. Cairoa IO61.)02

$4 o$61 a *310 4,Is 024(0

oil C(9961I9wit Cairo
09" CONTINUE Cairo

IF I Ip" 1P9 99709 40 . 014YO
909 CALL SPLT02 6 It 16(160 lINK. 20. 1 aswo

40 to 964 201610
9TS CONTINUE ISJ(0

to a~ 104J 154Eo0cC
CALL Z0T 1 1 XX. lI.1 6(6 Woo 10 1IMEOWD

N091 14", #NPig

911- XXIII I - I191(0
IF I1 IPO.EO1l I 0010o 965 *O

"4 CONTINU wit 610
"S CONT twit 101610

top" 49TUM 1 W 016

7.



SWlAUUTINE SPLOT 3 4 X9 19h, WIDTH 1 8O

THE LATEST REVISION DAI,. THIS ROUTINE IS. - - 12 DCC 69 RvJSro
DMNPSION X(MN01O9 SPAC[E1) .vl519 110¢
COMMOUN /PLOT/ Its 129 As* J2 2SM09
DATA SPACE / JS*4H t, SYp.e H• ,) 4m 901 0 0414 * #1 O~c9

C1o.e**** THIS RVUTIAE #RlhTS AhD PLOTS THE -E[t, %IAL.UrS Of X 1000
C UEGINNING WITH TH5 IhITIAL VALUE TRANSFERICD* 10OC9
C THE PAPER SHOULD BE POSITITNED PROPERLY AIO ALL 10OC9€ HtEADING$ PRINTEU BEFO~t CALLING, F, L9 E, 10009
C *00* IPUT - X9 THE FU .CTICON TO BiE PLOTTED I00C9
C %END* THE NUM46[E OF X TO BE PLOTTED .1iN)C9

C WIDTH* WIDTH Of PLOT LESS T1AN S1 ) IWOC *00* UUTPUT- NO ACTUAL.VALUES ARE RETURNED TO THE 10OC90
C CALL11NG ROUTINE - THE VALUES ARE PRtINTED 10009

C AND PLOTTED VERTICALLYs 100C910 FORMAT ( SX9 12# lX# 13t lXv EIO*3*ItA4 I I"Ot0

T A FORMAT I SXI2,IX(1)I$,IX*10,$ 2 9
IF I NENO .Lo. 0 1 0 TO 990 in09
IF I WIDTHGT60, ,ORI WIDTH.LTI A WIDTH GO* INC9

ISKP a WIDTH i I 1 140C9
SYMO, a SYm48 I I 1 10OC0

0IEGA a X) I I 1100C9THETA a X (1! 10O00

IF I MENO EO.I 1 60 TO 120 390900 S0 1 a, 29 MEND IGOC

If I OMEGAoLT*Xt l I 04A a XT TI IOC9
IF I TJETAGTXI.I T THETA a X0T1 1*0C9

to ONTINUE 100
IF I OHEA.EO.THETA I Go TO 60 109

IIGMA a I WIDTH -I* I I - THETA I * 1. 1OC96'" CONTI!NUE Rpm0

I a0 19009
00 110 JS 8 Jl* J2 " ymN0

JSTA a JA - 2 pvmN0
00 100 1S a Its 12 RpmO

~~~ISTA a IS - 2 M0
+~~ IJ 1 + I #S0

IF I. €MGA,9O, TH[TA I GO TO so 1OC9
I BETA a SIGMA 0 4 X(I) - TH4ETA 1 4 to 16OC0

IOTA a BiETA taOct

IF I 1ETA - IOTA)eGEOS I IOTA * IOTA * 1 100C9
ISAP - ( IOTA -I I 4 10OC9
IN a IOTA -* ISKP 10OC9
I64P a ISKP I I 100C9
SYNO a SYNeIR) 100C

60 PRINT I*# ISTA# JSTA* Xill, I SPACEIL). Lots ISKP It, SYNO 29m9
10 CONTINUE 299609
110 CONT IE is"09

GO TO 990 3996E
1S0 CONTINhUE - I0E9

I a 0 1019
00 I1 IS .11.2 1129

ISTA a IS* Iwo
00 200 is 'J0 J 131N9
JSA JS i I019

, ll I I I . . . . " - L J I . ... -I * 7 7-I .



+a ~ ~ ~
If I QNEGA*E~o.TETA 1. GO TO 160 120E9

BETA * SIGM4A # I XiII - THETA 1 * to IO0C9
IOTA a BETA IOOC9

If I (BETA -IOTAI*G~od.S I IOTA a IOTA 41 lOOC9
15K, a£ IIOTA - I~ 1 100C9

.IR a IOTA-4A* ISKP lOOC9
ISKP a ISKP *I lOOC9
Sft40 a SYNSIIRI lOOC9

160 PRI-'*T 1'.. ISTAs JSTA* MII19 4 SPACEILls Let* ISKV )9 SYNO 12DE9
200 CONTINUE IZOCO
210 CUNTINJE 12DE9

00 To 990 1?DE9
110 PRINT 15. Its JIi X(I ZSNS9
9" REURAN 1 1N09

EN &NOPLOTS 3 INyo
IND 10C9

7S



S I,ThNE SPLOT 4 1 Ko Ye ftEND 1 1"09
C * • • •THE LATEST REVISIOk DArE FOR VIlS ROUTINE IS - - IS NOV 69 REVISED

OIMES|UM X(4EN61, YINEND). SPACEI 6) SY46S41 TSOC9
COO4" /PLOT/ Its 12. J19 J2 *p909
DATA SPACEI OM14 Is SYMBI / 4H* 94H4 WN * *4 IsoC9

C*****'** THIS RUUTINC WINTS AND PLUTS THE END VALUES OF X AND Y 100C9
C WEGINhING WIT4 THC INITIAL VALUE TRANSFERRED, OOC9
C Twi PAPER SHOULU GE POSITIUNED PROERLY AXD ALL 100C9
C HEADINGS PRINTCO BEFORE CALLING. F. Le E. 160C9
C *@0e IhPUT - X. THE FUNCTION TC BE PLOTTED 100C9
c Y. THE FUNCTION 10 OE PLOTTED 140C9
C XENOv THE NUMBER OF X OR Y TO OE PLOTTED 10C9C a*** OUTPUT- NO ACTUAL VALUES AqE RETURNED TO lift |00C9

C CALLING ROUTINE - THE VALUES ARE PRINTED 100C9
C AND PLOTTED VERTICALLY. |0OCI

10 FORM4AT I SIX 121Xl.IX*EIOo3TA4#EIO*39?At 1 29SN9
IS FOMAT SX912IXI3,1X9IX9E14o328Xf10*3 I 254409

IF 4 M(MO *LE. 0 1 GO TO 990 11No9IN a 20 IIII0
IX a IW I 4 1OC9
ISKP a I1 / I 14OC9
ISKP2 a ISKP lift"
ISKPT a 4 144l9
ISKPF a ISKP 14C9
SYND a SYNgII) 14OC9
SYND2 a -SYM i1) 14OC9
WIDTH a Iv 140C9
OEGA a X(ll I00C9

" THETA v 1) 100C9 
02-a Vill IOC9
I a Vii) 1.OC9

IF I MiNEM *90* 1 1 0 TO 120 IS109
00 50 I a I END 1009
IF I OMEGALTXiIl I OMEGA a Xl1 100C9
If I THETAGT.oXI) I THETA a xll 100C9
If I OiLTeY(I) 1 02 a ViI 14OCI
IF ( TiGT*YI) I Ti a VII) 140C9

SO CONTINUE 10OC9
IF I OMEGAoEOTHETA I GO TO 60 I2109mSI0MA a I WIDTH I* I I OMEGA - THETA I 10OCI

60 IF I O2,fOoT2 1 0 TO 70 140C9
i a WIDTH - I 1 1 02 - T2 , 140C9

70 _6*7TI NUE 250109
IaO a514090O 110 JS a A1s J2 Is"$0
JSTA d JS - 2 254409

00 100 IS I I 12 ag
IlIA a 1S - 2 lISM"I a I + -15409

KMTA a SIGMA 0 1 Xilll THETA I + Is ,.. : "10€

IOTA a BETA 10ocC
IF I ETA - IOTAIOCO*S I IOTA a IOTA * 1 10OC9

IMP 9 1 IOTA - II / 4 I00CO
IN a IOTA -4 •I&KP 1g0Co
1IP a P * 1 100C

l -+ + - . .. . . . . ... . J - . li li l i I I + Ii.+ I _. ' I ll I I L II I 7 ,"



S IVIS 1*) tOC9
90 F 0.1012 5 0 To 90OC

ellA a I I41 Vil 12 I * I* 1N9
IOTA a ellA 10

It I OUIA -IOIAIC.(J.)5 I IOTA *100~ 1 140C9

It MIIA - 4tS02 140(9
SYISZ SVN8(hIl IAOC9
ISa02 ISKP2 + 1 140Cl
ISaPs IX i- IsK' I 1K

90POINT 14.9 ISTAt JSIA* Xill, tSPAC(IM),K.1,tSKOP1 SY'40 2SNO9
1 ,s IPACIILl#Ls1,ISEPTI* 1(1). ISPACfI%*IsISKPZ)* SY*12 M0t49

1904 CURT 114UE 29t409
1to CWaN IE 2sh09

"1 To 993 ZSft09
Izv PRINT Is* lit As1 X4119 Vill 2s"09

"s O A 1009

0



SAKPIL PkUaLEAS TO DE;,*hSTPA1E PROGRAM USE -24 SEPT 70 - JJOFLEOJLR
COX~TRACT DACA 23-TC-C-CC74 UNITS ARE LAS AND INCHCS

601K BRIDGE APPROACH SLAB (FROM REF 3, SIMILAR PARf IN6 OF 1)
0 3 13 2 4 21 1 0 0 0

12 14 Z.400E+01 2*40CE,01 2*SOOE-Ol 4.COOE*06 1.OCOE*OI 0
o 19 12 15 .1 1 0 1
4 0 4 14 0 1 1
0 12 12 16 1 0 0 0
0 0 12 14 -1*9009*02
0 1 12 15 1.oSOOE.02

*1 0 11 14 -1.500f.02
1 1 11 is -1.SoOC.02
a 7 12 7 -1.777E.08
1 7 11 7 -. 7co
4 0 4 14-19777E*06

0 0 12 1 10000OE+30
0 15-127?Eis 1*44oi.04

1 7 11 is 1400
o 7 12 16 1 .440E+04

7 11 14 19.440E+04
1 12 14 600F0

.1 1 11 14 4.OOOE.O£4
1 4 0 0 300 3 3 3

-10000-itO00O-10OO0- 10('0
2 2 0 0-3 0

-5000 -5000
2s 1 -4-

jos 4-25FT SO TAXIWAY SLABS* 2 C-SA BOGIES CENTERED 0ON 25 PERCENT JOINTS
1..1 4 4 0 2 1 1 1 1 1

20 26 3*OOOE+01 2*150E+Ol 2.OOOE-01 5.000E406 19200E+01 1*250C.02
.3 S 17 21 1 0 0 1

0 20 20 21 1 1 a 0
O 21 20 21 1 1 0 0
9 0 9 26 1 0 1 0

10 0 10 28-2412ZE+08
10 1 10 27-2*012E+0S
0 14 20 14 -208121408
1 14 19 14 -204129*0S -
1 7 0 0-2 1 -1 11 1 2 1 -1-2 1-

0 -u4,ooo0-30000-30.O"O 30000-30000-30000
1 2- 1 10 10 20
J16 4-25FT SO TAXIWAY SLAS 2 8-747 BOGIES* 2S PERCENT JOINTS

0 4 0 0 2 1 0 0 01
3 8 17 21 1 0 0 1
0 21 20 21 1 1 0 0
9 0 9 26 1 0 1 0
32 0 12 20 1 0 1 0
14 0 0 03 10 201 32 3

t -41500-41500-410Ce-41500-41500-&1500
I1 a 7 12 12 16

SACI a X0 REG
1 0 6 0 0 0 0

0 6 4. 41 02S 0o .9760 0.
Ii ID 6*42SE+05 6.2SE,0S 1*0OOE.20

1 0 7 6 0*4251#06 0*625E+06
9 1 6 7 0042SE404 o.425E.06
I 1 7 7 0.42SE.06 0*62SE*04 -1.WOcE42O
4 4 4 4 -*.Ofif*05

IS



PAUG.--. 3* -t% - t#.f-Ae-JJP~tLC "EVISIi.v WEk 0? SEP 7,)
-T%.L -~* t J. U .0,1ff VC4. U~,c, - do SE.'! 70 - JJ.'.FLEOJL4

601", "-t'0,g 40-00ktt SLaW 4 I.44 ,OEF Jo S1041LAO PROO IN WEF 1)

TABLE I CONTPAX DATA.

:4ULL'*L vio -i-!ao-e 4hF 61AW' ONe ZE#409 Pew' IS INCEPE'OEhT -

15 *It fo- '04&At 40,40a -- If -10 AN~ OfVSP.IING 10040a)

T ABLE MU149ER
a 3 4 S 6 ?

NU;4 CA-'ZS IN'uUT Toil$ PA~oLEN 1 3 13 2 4 2
C04PJTC ')'TIO 4L PAVE1q4T1 STIFFNESS COt"STAmTS I I zES) DAqGY C S

I 1 0
OOT1u4 10 zve"OS U0*to1ti UT.UT (ISYES1
OPIjt4 T 10 l*s 00I~1 i4 b1tES IuiSTEAi OF WW0 (IOVES) 0

TAKLE . CONSTANTS-UNITS MUST BE CONSISTT

1404 W#C4ft41S 1' A h)INECTIIN 12
NIP* AVaCkf4,.tTb Im V U114ECl1UW4 16
WOC. L~bin IN A V.IRttA.104 2.ASOE.uI

INCE Lff-filIN Y. UIwtCTIOM . ?.ASE*01
P01S.Vsi 4ilC' Z*SS*6t0
W0%)ULui joF tLASI.TY A.U*000
SLA4 TMEas 1*006E*01
s1Dtpn* ic. IEUOLUS 5

TABLE S PROME Aft" KOA SULWI PLOTTED OUTPUT.

F;1o,4 I'NJU OOL. £-wiftNt 1-WO4ENT PRIN 4O$ENT
I is1 55 Is 1 .6 1
4 0 . b 1 9

IZ It0

-TABLE4.8SIIPPES AND LOAD OATOe.

P.~.. 1a. UT 05c

It 0 j A -j. -4. -1.S46c*6 0* 0,
* 1It ~ 0 -go -1.sIIDL.02 -. *

0 1 ItI 1 . -1.117t..oe -6. -to -0.
? V . -. 1109 -0. -to0

* I Ift -I.IOtW44 -to -Go -0 0

* ii is -1.11tv -v. ~ -06 *..a~s~.

52



0 1 le~ 13 -v. -v -0. .'SE0 0
I I il 1-> :'u. 1D I .b0*4L

0 7 It Ift -v. Vo e .'e~' 0
1 7 It Ift -Vi. :g.-0 1.44SE*04 -0.

TAB~LE I. ( C..U I C.)-40JIlEU OWdIU#*AL PAVCEENT SUIFF4CSSES

F'40* r.T av s C

I Ii 2~l i .0 .66?E*06
o C-le I~ c,-*v7 .,Q. .0

I I I Io -% 3'ej~ 0. 0.
l e IS 3.fc~-*"lbv? t.U 0. 0.

TABLE 5.AXIA THOUS DATA.

URO.4 Ie4qu PA *Py

0 1 1? 1" -0. -6.00O0E94

I 1 11 lb -0. -6.000E.04

TAKE s. SPECIAL LOAD PATTERNS.

PATTE-t w)ta' OF PATTERN COURDINArES AN4D CONCENTRATED LOADS
NUN LOA3!2 A x I x A x A x A x A

0 0 3 0 0 3 3 3
-10Q -10000 -10000 -10000

2 10 u -3 0
-Su~iu -5000

TAKE 7. PLACEMENTS OF SPECIAL LOAD PATTEIRNS.

PATTi#-.a f4i..A Uf LOCA'TIUN OF R~EFERENCE LIO iSLAO COOL'ATES)
HU.M .0LCEt.~rSA X V A ui A V A Y A V A Y A

I IS I~

hitm Cnf 4-0L PL41to1 i)UrSIL SL~d a a
SUN o)f 4nc($ Lj4s)i PLALL.0 (PUthIOt~ SLAv a '1.UOOE*Qf#

83



2 *64 tco o 1

j~Sii, 4t"TiSoe

A(ji A J1JS ,,iAE T A ~ S -AAO W
At~k~ ' WSIO SP OC#( PISF., OE AGLE

L ~ JO IM~24~4 NAN-~AUO4~tC LUCS

4-Tll,

o uI 1~L-.~1' ~QE-J~ T.WS5C4OI 4.Zo2e oJ N495C.i 5

I U .i~tC-4 L-.S ~7k.-*-Z62d.O~.*2Z2 us.

2 ~ ~ ~ ~ ~ ~ ~ J i'iE4 0 .Ji 7S34 .-. b% 5? 3E*03 1452 4'

, E, 33.cI 7bE3UQJ 49*22 26ilJ l*8E 4-iZ

o2 0 i6434- - .4e lt-e -1.i s l3CO -. 7~03~d?.0 4.

* 9 1 .9~'~ ~4~O;iZ -1- &1E.Q -1' 4 #~IiO9*ED'-3 -)1E-4O: 84-34
1 ~ ~.Z1L-1 -4 beid-~.Ut.UJ 14#*E.~ *.7i~3 -. VZE.0 -44'a,

2' I ~ ~ i f re~i. i 41- i'1t.~~.993~M~E0 8.
3 1 ~.~iE ~ 7.6~*~ ~ 2~ZL-GI5.36) .4 ,8637 0' 0

1 ~?b- 7 -/ lelt. U,,EO 4E~~ .?C0 -. 3~Q ~
9, 1 313rIiIE441d,

10 1 .Q3-~~.La~EOO 2'90EJl' Z94*3 @#

1 /P~2 .A/+I I 14,U 5424E iO w I6 ,Oe 2

4 ~ " c*I 4.Z 1 40it7 44195E0 _q9

4 ~i~ a4 -6, -d*'Z ir24 f*.41- Oj!. 4826C' 2  _4,

- I2'6i4 i,~ ~ b -6 64U~ 4#.-I~EI~



a t .:~~-~4 ~~spv~.-I -o~v.O2 1.e~iEU? . -5I31~iI16.

36 3 #? J .JkI4$.'~.J44*OS 44,bfU0,
A~~~~~~~~~ (A0 1,aPi'.si.2-~2~*10 ,1Ef0.

S 3 -1'~tJ~ 4.21IL~tII 4EJ9~.iJ t6fit'Ot 60 4.3(O 481

,12 3' -? '"Jr ,.,.d iOI2-. 2 , .*bOEO 8

i.3~~'1~J s~2~u 47k,W 2' '49 06EI 0.6 1.SCO ii.

4 *.~69E.1*.146C01
-10 -14

94 4 '93At-i e.J*die*g Iw*1iD.1l~~06.
a~ u 1.~.Li~u ia.~.43 .. JiC.0 0.1J70C.403' 417.8

7 ti16,u~1~i .~2~31,?C010 161Ei 69

I0' 1*4'E;d Tj'000 *Z't*U -44 20@e1 0. 1.t52E*03 .

SS' sL9? E'+ 'U.U 14~C0 Aibf*l 0 .4803' "i4A'

4 - 4S ii !j '4.4U ?So. U k.J1.6 *i.ik.0 0. 130*"6- -49.?,

-6 * 5j 4.j-D'4J 1.s i*0 l4.1644 0. 1 .44O1E'3 094,

9 S, !wj.'i') -i'v 4.itU 3..~TU 0Z~J0 to 0 3; i'90 -6.

40i- s J '6'6~0 -4-;'.*0 0. U496E'0349.

1 6 i ~ A-eM'i1OJ*Z.0 -?.6?slE+ t 4'. 1.0C,745.3 -5

3 6, w-~ 1.Cu ~ E0 "*,1.4E,' 0..0903679

6 1, 1. 1.~ Q .p
0"6 A.~-i hE~e .0't"3 ~20.1@1E.@3-l.

*~~~~T 9? 6; i IM i'4~.u O . .i'.O 69:

3, 11
t -A i -rJ2 i-j i 4 iJE-1f 3.d4.v -'U0C '5.9b4 0Z 44,10fE 04t# 4.0,



7 ~ ~ ~ ~ ~ t ;.i e.sLui t.e U, i -. i ,.O -3'.

7 I' 0 z.;i

6 ~ ~ ~ ~ ,A;74 7 J4~'~-.~~~1 ".d-I~'1.1b.f(03 -41@ZE4O ' #j
A, r T h'u.) .. ~ -61 e -3.wbiVD t dIEO iiqE 1.

0 ~4 1. 1t~~ *~a40hii -J2 1,'4 2 2&4 4'4*O 9.4ORSO2 t-9E.Z dP

10 6 -1 ~ ~ ~ ~ s 6l-J -I..4kv 6'.''C02 Z~S.1 1;'D(.*Z i-449.6RE02-0.
II s -1.4E- 014, go .6 .t,.ii.I 4?i.@ 0,

-, 4 '9 ,, -h2~' f-u "k,".u :16iii4 64.14E4*i 03~(6 79%E0-t1

lo'~fs-' 3e.~u 4'J3ES S1.4IEb1'.@bEo'.4.9io
-1 ~ -,.e~uA .3*.c. *).i6 - 4434iE,@ 4 I0S 06.6A ik

B ~ ~ ~ -5i*3~~.) #, I~1~io - IAto 7.@EO ia.@E.)

.5~~~Ii Jo 2 . 1,0 .~~~e ~-7'

4dD~i. 6.7Ic~@ -. 403, 44.4
to -ta~~~~~~~iu.44 -i 3 4 ,t 1 il o*Ct' ? 4.ico k9",.0..O

443£V D I~U Ii.~ Iv-7g. *O.2-?7~.~-e'1 ~ ~ ~ ~ ; 1. 1,k'", ,s.U , &3J~~ ,.l~ 0 i;'E0 , .h#7I ,Z -OiIto i.~~ i~-~~ ~ - )Cvt i~11 6)1~2-.?CO 6.

%~11r~I f2.~I ~ Z~,i.I ~ -. U~O ~.



.64c ii. 6A7-J .Ui 4,~t.2 ~V1. 1 4?~t@ -. i( -3

f ~ ~ ~ ~ ~ ~ J4 4O II 4, -44"~l .*,.@ 4UC.e-D

4 12 ~~c.-1il .k~.i ii!&A~@ i .e~@ 1.17.O 140l.0 7.ig -,- W g8 I&~'J a.,77.h -.~EU 3.3E ) -I IIO 96I6~0 1-

1 112 -14! i 'U. t -33s . U l 41'O' li4*IEO2 6 i-414 E "0"21eo 4646izo --4444'i a. 7.9,i-jt J1 -'is.-(44 g z 1.'3t tj~4 o 0 4" 40 4,Z-
4 12 7O~'U~-,.1-i ~ It -i-40r,0 6.ESEWu S.qiC -is7' cE.@a2-* 4

Ii) -1,9,J~~Lj -1& 6SX[uu V. 5d0 43~~.0 i~
11 , 52 i ~,R f 40

12 ~ ~ ~ ~ ~ ~ ~ ' 142 Y4"~E4J (4,71 02- I.JCSu .*9COu Z.9(.8-i"6.

--: 6 N:tg "'O J~l~t~i1 vi;0 i*.6CE

7 '3 0A.~e~U- t#'0e. -4& 460.u2 *OJOS, d 1~o S49CO -1'

9 )'St9c-i _J4 49JC'3 . * 4. i 1.a? E402 fo.*0C.2, -39a.~-2f~~~~~~~~~~~~~~~~~ 20£ j17.jk-.~.~i ~is~15S~co z~o~~-e,
W, 1 -'.4 1-44!OQ -l.ZlE04 'su~I.ii@ 146'c~o J3;.O2tk;Oz -79.k

I 1-4a 4.1AU *4'.~Ci >4.61iZ 1.860 9.505 0 0

7.04f6b2 '0446E.Z 44

Id 1 ;-l 143A U-' I - 1iS *0 o 3 .hkC4 02 4"''"t 2- 1 9E 0 -4-0 6 2 ii
7 £5 i~42i&'~ja ~ *.&'~.i..9'.~e~t'~~~ b5E0 )S~ ~~ ~~~ ot 4 4k, s .. q.@ Ev I.J01('0 t' 

. 44 @ -3."oI'# S ~ -~S~L~u *.IiC.* 3.~7..@? b.'IlE9* 3.4tkiOj1 ',k35.



2 U2

4- 46 iiafliieA' w&44ivt 4&#V-44- 44eI8 44 ia.I9#0_1444eiC4ed*3604
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PROG4 :: jLAt30 C'.-JL t~fLCIAL UECI%-A.4E-jJP,FLE REVISIOi DATE. 07 SEP ?o
SA,4P 1E P'-J-LE..S Toj UL41USta'.rE PR4OGRAM Ob~E -24 SEPT 7U - JJPsFLEJtk
CO-04.0C -)ALA 4e3-15-C-0016 UJNITS ARE L4SS ANo i NcxES

PROIR
JR6 4-25FT SU TAXIWAY SLABS* 2 5-747 eOG1ESv 25 PERCENT JOINTS

TABLE 1. CONTROL Lt ,A,

M4ULTIP-LE LOAO OPTION IIF dLAN'( Ott ZERO*. PI4O& IS INCEPENDENT - 1
IF *19 PAP.EN( FUR NEAT PR#Ob -- If -19 AN OFFSPRING PAOB)

TABLE NUMB5ER
2 3 4 s 6 7

NdJA C44-S 11,'uT Ti'S ~Lii0 4 0 0 2 1

CO'4PUTE 03 il0NrL VAVILMLN't STIFFNESS CON~STANTS h1uYES) D*.UyY C s
0 0 0.

o)Prluh- TO) tiP4 UETAILEI) UUTPOT (1zYtSJ I
Og1tiN~ lit we-.1l. Pr-r.I4 bTttSS INSTEAD OF !4UH (IRYES) I

TAKLE 2. CONSTANTS-UNITS MUST BE CONSISTENT.

*NU4 ItjC E~i'iTS IN A UIttECTIOe
NU-u IOIC'nc-'iJTS liI Y OlmrECT ION as
INC4 LE-Volit I'l A ')ImLCTIO4 3.oOOE*Gl

POISiOi 6 -ATIu) Z.OOOE-01
.40OUtLUS 0') utLbMTI(.IY 5.000E06
SLAHF I'dCAv4tbS 1.200E#01
SU86Gka.) 4%ILUuS 1 .250E#02

TAB.E 3. SPECIFIED AREAS FOR SELECTED PLOTTED OUTPUT.

PLOT 0zYES)
FrlO, Th.(u OEFL A-NUMENT. I-MO$ENT PRIM STRtESS
3 6 l id 1 00 1
o 21~ 2 2 1 1 0 0
9 0 v it 1 1 0
12 0 le ed 1 01 0

TABLE 4. LOAD DATA-REPLACES LOAD IN PREVIOUS PROBLEM.
ALL l tiiS nI...S AkL dE.TAINL) H;wOI PAHeNTI.PHQ8LE9 JR5
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TABLE 5. AXIAL THRUST DATA.

TABLE.6. SPEC AL LOAD PATTERNS.

PAT I U1- F vATY~,q COUPOIAJES AND CONCENTRATED LOAD$NU, LA A r

6 0 0 0 3 o 2 0 1 3 . 2 3-411301) -41!>ou -4l5oo -41500 -41500 -41500
22 0 I) -3 0

-"ov -S000

TABLE 7. PLACEMENTS OF SPECIAL LOAD PATTERNS.
PATTERW4 NLJ w' U LOCArION OF REF0ECE~ LOAD (SLAB COONDINATES)NIM LACLE.jjSA AL _ A x A y K y x y X V

12 7 12 12 id

NUAI OF .IrEL L3A')S 14013LIEU~ TO 7I11E SLA8 xSUM OF lric.tL LJAO)S AP'PL~t) 10 7~Th SLAd 34 -. aEVNUM OF aJpiLEL, L.JAt) ''L&Lti) UiISj~ SLAd aSLIM OF IMLLL L0AUSi ,LALt.u UuTSIDE SLAd a 0
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P,OG: " -L.1-3tit C.,-,L b!wCiAL UECK-A E-JJ-',FLE 'EVISIOei DATE 07 SEP 70
S-.-)Li -,JLtA Tu UL.jL:iSTSrATt eKOIRA14 USE - Z4 SEPT 70 - JJPtFLE*JLK
CbilftlCI J ta 3-7u-C-U076 UNITS ARE LBS AND INCHLS

PPIO t V^) 10)I

J96 4,-25FT SO AXIWAY SLABS# 2 B-747 BOGIES, 25 PERCENT JOINTS

TABLE S. RESULTS-USING STIFFNESS DATA FROM PARENT PROBLEM JR5.
A -V L,.r k,41) A ,,I. -|SThe:K ,.u.;' I ACI IN I HE A OIECTIO, (ABOUT Y AXIS)*
Y . wIk'im', , = -X f41STI,'6 1rU.4ENT, COUNTERCLOCKWISE dETA ANGLES
AJt. -")jlfiVt rroi x A xb TO THE UIRECTIO14 OF LANGEST PRINCIPAL STRESS

x LARGEST BETA
A Y TWISTING SUPPORT PRINCIPAL X TO

X , Y OEFL * MOMEN T MOMENT MOMENT REACTION STRESS LARGEST

000 THE DCTA.LEU OuTPUI htAb diEN UELETEO 8Y THE OPTION IN TABLE 1*

A SINjLE Ser OF VALUES IS PRINTED AT OR NEAV THE SLAB CENTER FOR REFERENCE

10 14 -5.?3it-U2 .- 04_1UO alf/tE+03 -2.16SE#03 4.622E+03 1.461E*02 -58.5

x LARGEST BETA

A v TWISTING SUPPORT PRINCIPAL X TO
, Y OEFL MOtiENT NOIENT MOMENT REACT ION STRESS LARGEST

STATICS .C'C. SUf4MATION OF REACTIONS a 4.940Es0S
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PR~OGP4411 3C.AjJ) CEL iJLCIA&t ut-A4,E-JJP.gLt REVISI~m DATE o Ski' 70
SAl*6-LE Lr" TV otL4v)4ST.AIE I%(3uqA, USE 2 4 SEP'T 70 - JJI'.VLE*JL'
CO)'rrACl jACA d3-IU-C-uIIlo UNIr5 ARE L85 ANtJ Ir4C'.S

*P408 (C-) TD)
JR6 4-25FT 50' TAXIVAY SLAB59 2 8-747 BOGIES% 25 PERCENT JOINTS

* TABLE 9. SELECTED OUTPUT-USING STIFFNESS DATA FROM PARENT PROBLEM JR5.
A Q*.t.4T 'C):) If,# 1.iE A UIu*.CTIUra (A*VUu Y AAIS)

DEFLE010C,.5% t3ETeEEN (39 0 ANDO 179 21

X 9 Y DELEcrt):'I

3 d -4.61'i:-U'.
4 8 -3.2)t-F-03

7 8 -1.5,9,2-ue
33 ' -1.74,')F-02
9 d3 -10554-u20

10 8 -i.iiot-ue
11 8 -b.51iE-u3
12 d -2.6ocE-U3
13 8 -1.01'~t-o.

14 ut 1.2Ate-i-u
15 '3 .tl5E-u3
)6 8 .4tiE-030
1? 8 1.7a? E-u3

5 9 -1.163t-oa
6b 9 -1. Aot-U2 0
7 9 n.5~2iE-Og2
8 9 -_eo77J't-v
9 9 -?q4)0u

12 4 -5.517-U3
13 9 -1.60D7E~-03
14 9 3.703'f-U4

3 10 -3.03c-3eif
4 10) -0.$sL-uJ
S 10 -1 .6',')E-qec
6 10 -2.?;JE-ue

* 710 -3 . I*it-U.,

10 10 -e.?Ict.-tI
1 10 -i.1-t-t'2

10 i u 14eCt -fl3 I



14 10 -1. 1It: -4)3
15 10 ~'.0 17r. -04

17 1ii 1.04150"-vi
3 11 -a4.41Ej3
4 11 -1.l15k-02.
5 11 -2.?l 't -0a
6 11 -3.h?)c..Udo

9 11 -t).S90 i
10 11 -J.eA. -Ua

13 11 -7.6oct-oi
14 11 -i.SD2t-u.,

16 11 6*5'.5E,-0'.
17 11 1.E.22E-U3
3 le -4.74H-03
4 1i! -1.411t.-ud
S 1a -?.644t-oz
6 12 -4.%1UE-U2
? le~ -. 2iv-ud

.9 12 -n.34cE-Ue

10' 12 -6.59ZE-U0j
11 12 -3.064E~-Og
16 12 -bI.94,1-02
17 11. 1.14:*-oe
W-13 -6*731r-3 0

I12 -3,224L-03
16 12 -6.4.1.L-Q

313 -6.731Et-93
4 13 -l.1544-u1
9 13 -o.9 ?It.-92

12 13 -4'.64%-02
13 13 -o.73?k-ej2
1' 13 -1.630E-u2

30 IJ -6,.44-02
12 13. -1.s67c-ge
13 13. -3.'i-J20
14 1. -1.132ir-o2

17 13 ?1.~v
3 14 -. ,-j
5 14 - ?.1t)4r--.j2
?10 4 -7. jUe -0
a? 1'.-.4 ~ ~
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U13
14 lb -1.?.-u0
IS I~ 'b~U
16 1,4 .A~jg

1 6 li ?1I-O

S1

7 IA IS JJ~u
1 '16 -4.13de-kt
13 IS -3.O);E-u2

16 IS -1.3.:u
13. 16 -S.0'.,.-e
45 16 -1.164E-09

IS 16 -!.270.oE- I
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7 7 -1.2I'JE-ii 1.Oa'.r.Uj 1.034E*03 -SoI73E#03 0. G.o*QE*0J -45.0
B 7 -. ?iI?-7.6ukEr-11 -1.4vt)E-11 -3.'J13E.03 2o27SE*03 -3*01 S*03 45.0

0 8 -1.2tE-Ib -4 * I 0E-ift -2.414E~-25 1.S84E*03 -lo267E*04 -I.!:olAE*03 -45.0
1 8 -. 7-1-J'.? -II I.311.-10 3.013E#03 2.Z75E*03 -3.013E#03 -45.0
2 a -4.77ii-l? -4.64i-li -4.O0t-10 2.4v0E*Q3 '.714E*03 -2.490E#03 -45.0
3 6 -7.350ir-17 -3.Q%?Er-l1 -1.233E-10 I*4eIOE.03 7.350E.03 -I.4b0E#03 -45.0
4 1 -Ab8.6t-I? -4.97vL-ai -1. JIE-f) S.YOSE-LO S.d64E#03 -9*682E-10 -46.5
S i -?.3(#E-17 -I.'SU -ll -b.1Ii9E-%I -1,460E*03 7.3SUE*0i -1.4W0E03 45.0
6 8 -.'..7E-17 -i.347ic.L4 -2E1S..44OE*3 4.77IE*03 -. 490E.OJ 4S.0
7 8 -2.27if-17 1.?v~i-jl 3*19et-II -3*013E*03 2.ZiE#03 J#OIJC.03 -45.0
8 6 1.267E.-16 3..e~k-e6 -6.'0'.4E-Z6 -1.S84E*03 -1.26?E*O4 -1.50e.E*03 45.0

A .LARGEST bsETA
A v TWIST 1.46 SUPPOORY, PR~INCIPAL X TO

X y OEFL r40-4E1~T OMU.1 O4E.4y 44EACTION MOMENT LA#4cES1

STATIC, CnFCA. WU44ATIO)N Of~ HEACILU'IS 10#40
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